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IMTRODITCTION 
A msjor part of tho peninsular India is occupied by the 
rocks of the Precambrian age, but considering their vast exten -
sion, economic resources and other potentialities only scant 
attention has been paid to them by the earlier workers. And 
accordingly,there still remains a number of veritable gaps in 
our knowledge of their stratigi'aphy, tectonism and geological 
history. One such area, lying in the Warbada- Son belt, has 
remained only cursorily attended to for a long time. The group 
of unfossiliferous rocks older than the Vindhyans and younger 
than the Ar^ ehaeaia gneisses exposed in this area has been loosely 
referred to as 'Transition Series' (Mallet, 1869; Oldham, et al., 
1901),'Bijax/ar System' <Auden, 1933), 'Parsoi Group' (Mathur,1950), 
etc. This area did not also i>eceive the attention it deserved, 
due to lack of communication and approach facilities, and an 
apparent geomorphological and lithological monotony. 
On a visit to the aforesaid area Pettijohn (1957b)commented 
that the sediments underlying the Vindhyan rocks could be 
'turbidites'. Accordingly, he suggested that studies aimed 
at deciphering the mode of their origin should be undertaken. 
The present author was greatly inspired by the statement of 
Pettijohn to pursue detail geological work in tnis area with 
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a view to studying the sediments in their true perspective 
and determining their exact nature. 
The Precambrian terrain to the west of Obra, Mirzapur 
district, Uttar Pradesh, forming a part of the type area of 
the 'Parsoi Group' (Mathur, 1950) about which singularly 
little geological information was available so far, has been 
studied by the present investigator in great detail with special 
emphasis on petrology, sedimentation and the major and minor 
structures which govern the stratigraphy of the area. 
Location and Extent; 
The area under investigation lies between the parallels 
of latitudes of 24° 20'N and 24° 30'N and longitudes, of 83° 
00'E and 82° 50'E in toposheet Wo. 63 L/15 forming a part 
of the Son Valley, situated in the Robertsganj tehsil, Mirzapur 
district, Uttar Pradesh. It forms a rectangular area of 
nearly 260 square kilometers, situated irost of Obra dam and 
9 Vilometers southwest of Chopan tovmship (Fig.l). Rihand 
river forms the eastern boundary of the study area. 
Communication t 
The area is approachable from Robertsganj or from 
Mirzapur by metalled road up to Obra. Besides this, there 
is a motorable road in the south of Mirzapur, passing from 
Chopan (24° ll'N - 83° 0' 3"E) to Dudhi (24° 13^N - 83° 15^E ) 
with a diversion near Hathinala (24° 18' W - 83° 7'E), towards 
FIG.1.- M A P S H O W I N G THE LOCATION OF THE AREA 
UNDER INVESTIGATION 
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Pipri (240 11'N -83° 0' 3"), the Rlhand dam site. To the 
west of Rihand river there is an mmetalled road, jeepable 
from Kauria, through Arangi, Parsoi, and Kunvar to Jungel. 
Apart from the above mentioned metalled and mmetalled roads, 
the only other means of commmication are by foot paths 
connecting the few villages in the territory. 
Topography: 
The whole of the Pre-Vindhyan terrain exhibits a rugged 
topography comprising a large number of narrov/ and parallel 
ridges separated from one another by comparatively wide valleys. 
The undulating masses of hills sti'ike roughly in an east-west 
direction, and there is hardly any level plain left. The 
differential erosion of softer roc>"s, li't-ce argillites and 
phyllites, give rise to valleys, whereas harder roc"'cs li^e 
banded-haematite-quartzites stand out as prominent ridges. 
The lowest elevation is 700ft, whereas the highest elevation 
is 1328ft. 
Drainage: 
The Rihand river drains the eastern part of the mapped 
area and flows from south to nortn in general, and ultimately 
debouches into Son river about 3 kilometers west of Chopan. 
Other important streams are Bijul, Khairahi, Semarda and 
Serinala, meandering through the heart of the area, with the 
latter three . merging into Bijul near Kharara before joining 
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the Son river. In general, the area shows a 'Trellis' 
pattern of drainage (Fig.2). The Rihand river and the 
other major streams, mentioned above, often cut across 
the strike of the region and are of 'Ohsequent' type. 
The tributaries of these 'Obsequent' river and streams, 
generally follow the stri'ke of the formation. Thus they 
may be regarded as 'subsequent' in nature (Spares,1964,p.9). 
It appears thdt the curvatures and bends in the Rihand 
river and major streams (mainly of 'Obsequent' type) are 
probably due to the structural control. 
Climate: 
The climate of the country is generally moderately dry 
and tropical, with a distinct wet and dry seasons. The 
man soon season is usually confined to July-October period 
and the -rfiin-fall averages about 40 to 45 inches. During 
the suimner, i.e., April to Jime, the day temperature is 
generally considerable and, indeed for sometime becomes 
•unbearably hot. Yet the nights are cool and often even 
comfortable. The most congenial period, for the field 
worlc in this region is from early November to early March. 
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DRAINAGE P M M ^ U H OF T H E PARSOl AREA 
feBNtROLLED BY FOLDED StRATA 
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• Chapter - I 
PREVIOUS WORK & REGIONAL GEOLOGY 
Previous Work 
Studies in the geology of the Son Valley had already 
been ta'''"en up in the early days of Indian geology, and a 
bibliography of the Son Valley includes some of the names 
of the most able geologists who have wor'''-ed in this sub-
continent. Although Mallet (1869), Oldham, Uutta and 
Vredenburg (1901), and Auden (1933) have made important 
contributions to the geology of these formations, their 
attenbiion, in general, was concentrated on the Vindhyan 
System rather ttan the underlying older rocks and confined 
mainly to the eastern and western portions of the valley 
in the Eewa State. The regional studies of these wori-'ers 
and studies by other geologists who have worked in the 
area and its adjacent areas are mentioned briefly in the 
following paragraphs. 
Mallet, F.R. 
Among the earliest investigators^. Mallet (1869), 
first gave attention to the geology of the Son Valley. 
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He regionally mapped the area north of Son and Narbada 
i 
rivers, occupied by the Vindhyan 'Series' and adjacent 
formations, on a scale of half an inch to a mile (1:1?!6720). 
The area imder investigation forms a small portion to the 
south of the easternmost part of his map. Only a brief 
description of older sediments was given by him, as he 
concentrated on the Vindhyan formations and also because 
the geology of older sedimentary formations was but little 
understood then to justify any detailed studies. Moreover, 
the area he covered was so vast that he could not afford 
time for detailed mapping of individual groups. 
The tcrr. "Transition owritsH-" was in-croauceci. by Mallet 
for the roc>s ( comprising, shales and schists with other 
subordinate varieties of rocVs), which lie between the older 
gneisses and the Lower Vindhyan rocVs in the Son Valley, for 
he thought that these bridged the gap between the metamorphics 
underneath and the overlying unmetamorphosed sedimentary 
formations. He believed that " further examination of these 
roclrs may show that they include two distinct series, the 
upper resting unconformably on the lower, and being probably 
equivalent to the Gwaliors or Bijaivurs of BundelVhand". 
Although his work was only of a preliminary nature, his ' 
memoir can still be considered as a mine of information. 
Medlicott, H.B. 
Mediicott (1859) proposed the name "Bijawar Series" for 
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the sediments v:hich lie above the Bundeivhand Granite and 
below the Lower Vindbyan beds in the BundelVhand type area, 
northwest of the area under investigation. He equated the 
Transition roc^ '-s of Bihar, and those of the area under 
review, to the Bijawar 'Series' of the type area. Subse-
quently, Medlicott'and Blanford (1879-1887), subdivided 
the Transition Series into a lower and upper division, 
mainly on the basis of the degree of metamorphism, strati-
graphy and associated intrusions. According to them the 
Bijawar rocVs, in general, fall under the lower division 
of the Transition Series, as given below: 
Position of Bi.jawars in the Indian Stratigraphy, 
after Medlicott"X"Blanford (1879-1887) 
Vindhyan Series 
Transition or Sub-
metamorphic roclcs 
Metamorphic or 
gneissic 
( Upper . 
( Lower . 
Gwalior, Kadapah and Kaladgi 
Series 
Bijavrars, Champanair beds, 
Aravalli, Malani beds,Transi-
tion rocks of Behar and Shill-
ong. 
Gneiss, granitoid and schistose roc^ s^, 
etc. 
Oldham, R.D.. Datta, P.H. & Vredenburg. E. 
Later, Oldham, Datta and ¥redenburg (1901) re-mapped 
the Son Valley on a quarter-inch scale (1:253440) and published 
a detailed memoir, which made a valuable contribution to the 
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imowledge of the Vindhyan System and the so-called Transition 
Series of the area covered by the present study. Continuing 
their worVj Oldham and Vrendenburg made a few traverses into 
the Mirzapur district, but a deteiled mapping of all the 
groups was not attempted. However, their map has been the 
basis for all later studies of the Son Valley. 
Auden, J.B. 
Other early reference to the geology of the Son Valley 
is to be found in J.B. Auden's memoir on "Vindhyan sedimen-
tation in the Son Valley, Mirzapur district" (1933, p.141-250), 
Although the main purpose of his investigations was to study 
Vindhyan sediments, he devoted time to study the underlying 
sediments of the region, making brief references to their 
lithology and probable age. He mapped the Vindhyan sediments 
on a scale of one inch to a mile to the north and east of 
the area under investigation, covering nearly 3,367 square 
Vilometers between latitudes P4° 27' and 2,4° 40', and longi-
tudes 82° 28' and 83° 17' along the Son Valley and the 
Kaimur plateau, in the Mirzapur district, United Provinces. 
Agreeing with the authors of the 'Manual of the Geology 
of India' (Oldham, 1893), and 'Geology of the Son Valley' 
(Oldham, ^  al., 1901), Auden equated the underlying sediments 
with the Bijawar 'System' of the type area. He thought that 
the Bijawar rocks were represented by a series of papery 
mica schists, purple shale, phyllites, slates, siliceous 
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limestones and crystalline limestones, dirty bande'd 
quartzites,hematite schists, siderite hands and red 
Oasper bands. Further, he (1933, p. 145) noticed that 
the granites were of a later age than the Bijawar rocVs, 
as they appeared to cut across the phyllites to the south-
east of Naogarh, and v/est of the area included in the 
published map of Auden. Also, he recorded the presence 
of xenoliths of amphibolitised phyllites in the porpJgsrritic 
biotite and gneissic granites 1.5 west of Jhirgadandi 
(latitude 24027» and longitude SSOlS') and thought that 
these belonged to the phyllites. Accordingly, he concluded 
not only that grpnites were of post-Biiawar age but believed 
that the metamorphosed dolerites occurring in these areas 
were earlier in age than the granites. 
Law, Y.D. 
Yashvir Dutt Law (1954) studied a portion of the Son 
Valley between longitudes of 82°0' and 82°15'E, which lies 
west of the area under investigation. He divided the rocv 
tj'pes into three distinct groups: (1) Archaeans - represented 
by the gneisses and associated intrusives^ (2) Bijawar rocVs -
represented by the phyllites, schists, limestones, quartzites 
and basic lavas; and (3) the Lower Vindhyans - consisting 
of shales, sandstones, limestones, quartzites and porcellanites, 
He gave a brief account of the members of the Bioawar 
'Series' and said that they were highly disturbed and folded. 
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and in most cases the strata show almost vertical dip. 
According to him, the phyllites, quartzltes and crystalline 
limestones, occurring in between the successive flows of 
basalt, are intertrappean beds. He thought that these 
sediments were " deposited in periods of lu.ll separating 
the various lava flows", and opined that " the chlorite-
phyllites and the crystalline-limestones accompanying these 
traps were of volcanic origin (see also 7redenberg, p.89), 
the phyllites having been formed by the alteration of the 
basic-tuffs". Also, he stated that "the crystalline lime-
stones may be of the nature of travertine. Some measure 
of support to this view is derived from the fact that these 
lim.estones invariably occur as lenticular masses intricated 
between layers of chlorite-phyllites, as also described by 
Vredenberg (p.89). This obviously indicates'a simultaneous 
deposition of these two rocks through eruption or by ordinary 
sedimentary deposition". Also, he has mentioned briefly 
the mineralogical composition and textural characters of 
basalts and banded haematite roc"''-s, and pointed out that 
the latter is one of the typical banded rocVs which form a 
significant part of the Bijawar sequence in his area. 
Mathur. S.M. 
S.M. Mathur, also of the Geological Survey of India, 
carried out a systematic mapping of a part of the area under 
investigation during the years 1950-1954. This area was shown 
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to be chiefly composed of phyllites, crystalline limestones 
and brecciated quartzites. Of these, phyllites occupy over 
90 per cent of the area. However, imliVe other earlier worVers 
in the Son Valley, he had doubts about the correlation of the 
so-called 'Transition Series' of this area with the Bijawar 
System of the type area. Mathur, however, suggested the 
following sequence for these rocV formations: 
Semri Series ( Kajrahat limestone 
(Vindhyans) ( Basal shale, sandstone 
Silicified quartzite (brecciated) 
( Basic dykes 
Intrusives ( Quartz veins 
( Granite and pegmatite 
( Brecciated quartzite 
Parsoi Group ( Crystalline limestone 
(Bijawars ?) ( Phyllites 
He has pointed out that basic dy>es are found 
intrusive into the phyllites as well as the granites; 
quartz veins are found intrusive only into the phyllites; 
whereas silicified quartzites appear to be associated with 
the granite only. According to him, phyllites are character-
ised by the ribbon-liVe banded form, often simulating varve 
structares, and are interbedded with the arenaceous sediments. 
These arenaceous sediments range in composition from quartzitic 
sandstone to sericite-quarfcz schist and generally occur as thin 
beds or lenticles, one to two feet in thicimess. Sometimes the 
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thicimess of the arenaceous sediments, inclusive of very-
thin partings of phyllites, may range upto 6 meters. 
Further, he stated that the phyllites are tightly 
folded and, as a result, a few thousand feet of original 
strata have given rise to this enormous width of the outcrop, 
A detailed account of his wor^ - is, however, un^mown as his 
unpublished reports, on the files of the Geological Survey 
of India, are difficult of access. 
Petti.john,, F.J, 
Professor F.J, Pettijohn visited the area in October 1957b 
and suggested that these beds could be typical turbidites. 
This brought about a complete change in the approach of the 
geologists wor^ i^ng in the area, and emphasis was, thereafter, 
laid on the mode of origin of these rocVs, long considered 
to be rather enigmatic, 
Kedar Narain 
Subsequently, Kedar Narain (1961, unpublished report) 
remapped a part of the area and recorded the existence of 
flute-casts, graded bedding and other important sedimentary 
characters from the Hathinala area, southeast of the area 
under investigation. He undertook a sedimentalogical study 
to decipher the provenance, transport, aid environment of 
deposition of the Parsoi 'Formationand suggested that the 
material was derived from a westerly direction as indicated 
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"by current laminations and other sedimentary structures. 
But his major contribution was the recognition that the 
so-called Transition Series of earlier workers or the 
Parsoi'Group' of Mathur was in fact divisible into'two 
distinct series, as given bolow? 
Vindhyan ( Semri ( Kajrahat limestone 
System ( Series ( Basal conglomerate and sandstone 
Unconformity 
( The contact is faulted in the mapped area ) 
( Trap 
Bijawar ( Brecciated quartzite, banded haema-' 
( tite quartzite and associated 
( marble 
( Purple shale 
Formerly 
Transition Unconformity 
Series 
( ( Shaly slates, banded slates, cherty 
( Parsoi ( slates with occasional phyllitic 
( Formation ( texture, interbedded with grey-
( ( wackes and traps. 
K:edar Narain's structural studies reveal that the Parsoi 
'Formation' and Bijawar Series are intensely folded, slightly 
metamorphosed and form a synclinorium. The coincidence of 
the fold axes of the Bijawars with that of Parsoi 'Formation' 
led Warain to conclude that folding had taken place at the 
end of the deposition of the Bijawar beds. 
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Ahmad, F. and Maithaiil, J.B.P. 
Later'on, geologists from the Geological Survey 
of India studied these rocks from the economic point of 
view. Thus, F. Ahmad and J.B.P. Maithani, in the year 
1962, examined the iron ore deposits, but considered them 
to he of poor quality. However, Ahmad reportedly opined 
that the area appeared to be mineralised and deserved 
geochemical studies. WorV was, accordingly, ta>en up by 
fresh parties from the Geological Survey of India and although 
their results are said to be very encouraging and it is 
proposed to taVe up drilling in the area, the details are 
uii'-aio'Vffi at the time of writing this review. 
Ahmad (1955a) also studied these sediments in 
<jonnectiori with the investigation of a supposed glacial 
boulder bed in Siddhi district, Vindhya Pradesh, forming 
the part of the Son Valley, we&t of the area under study 
now. He stated that the 'formation' consists of dirty green 
shales, mostly isoclinally folded with vertical dips. More 
recently, he (personal communication) re-examined the area 
and feels that the boulder bed is a turbidite deposit,' and 
is not of glacial origin. 
Garalapuri, V.N. 
An attempt to wor> out the geology of the area 
aroimd Dadri, Siddhi district in Madhya Pradesh, which lies 
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between the latitudes and 24026i'N and longitudes 
82°05'E and 82®ll-i-''Ej was made recently by Garalapuri (1965), 
This area forms a part of the Son Valley and lies nearly 
32 vilometers west of the area under investigation. He 
# 
suggested a tentative sequence of the various rock formations 
that is slightly different from that of the earlier workers. 
According to him the Transition rocVs, comprising mainly 
basal conglomeratic sandstones, purple phyllites, lava flows, 
epidosites, crystalline limestones, ferruginous quartzites, 
Oaspilites and banded-haematite jasper etc., which are 
commonly described as 'Bijawar Series' in the Son Valley, 
msy be grouped as the 'Younger Transition suit'. He thought 
that these rocVs are equivalent to the 'Iron Ore Series' of 
the type area, as they are predominantly ferruginous in 
nature. The argument, hox/ever, is obviously not tenable. 
This brief historical account brings to light the 
salient features of the worV done in the area during the 
last 100 years and indicates that from tho poJjit of view 
of modern, systematic studies, the area is practically 
virgin. Its correlations are vague and unauthenticated, 
the provenance of the sediments, the mode of sedimentation, 
tectonism, and structure all are practically uni<nown, and 
yet lying in the very centre of the sub-continent, it must 
have played a significant part in moulding the shape of the 
landmass. 
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The present attempt is, therefore, none too early 
and paves the way for the future deciphering the history 
of the region. 
Regional Geology 
Based partly on the account given by the earlier 
wori^ ers about the geology of the Son Valley, as described 
above,and partly the account given in the Manual of Geology 
of India (Oldham, 1893; Pascoe, 1950), a brief account of 
the regional geology of Mirzapur district and its adjacent 
areas is presented herein. Broadly speaking, the area is 
regionally composed of four distinct geological formations'. 
From south to north the following geological formations occur-
coal-bearing Lower Gondwana roc'''-s followed by Archaean complex 
(gneissic granite and schists), Bijawar roc'ks and Vindhyan 
sediments (Fig. 3). 
Bijawar rocVs occupy a long arc-shaped belt which 
extends from north-east of Jabalpur district through 
Saleemanabad, Salaya, and Majouli, the exposure broadening 
east-north-eastwards and finally eastwards, along the Son 
Valley, as far as the western edge of the Palamau district 
of Bihar. The roc^s of the 'Parsoi Group' (Mathur, 1960) 
forms a small part of it. The northern portion of the 
Mirzapur district is represented by Gangetic alluvium, while 
the plateau which lies south of it consists of Upper Vindhyan 
h/ %'v 
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rocVs of the Kaimur Series. The rock types occurring 
In the Kaimur Series are Dhandraul quartzites, Scarp 
sandstone, Bijaigarh shales, etc. The Lower Vindhyan 
Series occupies the Son Valley and includes Semri Series. 
It includes s compact limestone bed, P50 feet thick, with 
varying underlying beds of conglomerate, shale, carbonaceous 
beds, limestone, porcellanite and glauconitic sandstones. 
The rocks are strongly cross-bedded, ripple-marked and the 
shale units often show mud-crac''-'s. On the south ban^ ,^ beds 
are highly siliceous volcanic ashes, whereas in the north 
limestones and shales belonging to the Kheinjua Stage and 
the Rohtas Stage are found. 
The hilly tracts farther south of the Son consists of 
rocks of the Bijawar System. These roc^ 's have a general 
east-west stride and are composed of highly folded and slightly 
metamorphosed roc>s of sedimentary origin, such as phyllites, 
quartz-mica schists, recrystallised limestones, marble with 
tremolite, dolomite and banded-haematite-qua^^tzite etc. The 
bulk of these rocks in the area under review stri'''-e against, 
and under the Lower Vindhayan Strata. The maximum width of 
these roc^s is nearly 40 kilometers from south to north in 
the south of the Mirzapur district (Oldhan, 1893, p. 56), 
To the east the width of the roc'''-s of the Bijawar System 
(Auden, 1933) ( the Parsoi Group of Mathur, 1950) decreases 
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due to the encroachment of gneissic granites from the 
south as v/ell as from the north. Nearly 1 Vilomefcer to 
the northwest of the present area the rocVs of the 'Jungel 
Scries' (Mathur, 1950) come in, and overlie the 'Parsoi Group' 
(Mathur, 1950). There are also a few isolated patches of 
post-Bijawar granite, e.g., there is a patch near the Gopat 
river about 40 >iiLometer west of the area under investigation, 
or another near Jhirgadandi to the east of Chopan. In the 
extreme south, near the Singrauli Coalfield local graniti-
sation of shale belonging to Bijawar Series was recorded 
by Ahmad (1955b, p. 320). 
Towards the south of the area Archaean gneisses, schists 
and coal-bearing lower Gondwana rocVs are found. The latter 
overlies unconformably the Archaean gneissic granite or at 
places, the Bijawar rocTcs. (Ahmad, 1955b, p. 319; Abhijit 
Basu, 1965, p. 29), From the presence of minerals li'i-e 
corundum, sillimanite and actinolite in the Archaean gneiss 
and schist, and included marble beds, Ahmad (1955b) has 
suggested that they are probably the result of metamorphism 
of sedimentary rocVs. These Archaean Gneisses and schists 
are intruded by dolerite dy''-'es, and pegmatites which carry 
some mica, though rarely of any economic importance. The 
litho-units of Lower Gondwana rocVs are represented by the 
Talchir, Bara'i^ ar, Barren Measures, and the Raniganj Formations. 
The maximum thic^mess of these rocirs, as estimated by Basu 
(1965) in the northeastern part of the Singrauli Coalfield, 
is more than 1,900 feet. These Gondwana beds overlie uncon-
formably either the Bijawar System or the Archaean Gneisses. 
Chapter II 
GEOLOGY OF THE AREA 
From the preceding chapter it would be seen that, 
•with the exception of Kedar Narain (1961), no other investi-
gator carried out studies on modern lines in the area under 
revi&w. Their work had, in general, an economic bias and 
they covered vast areas in their preliminary regional studies. 
Consequently, they simply described a few lithological types 
of the region and did not pay much attention to the strati -
graphic sequence, differentiation of various lithological 
\mits, and the geological structure. An attempt has, according-
ly, been made here to establish the stratigraphic sequence 
of the area, as it has an important bearing on its structure. 
As the area is highly folded, extensive use has 
been made of the top and bottom criteria, in working out the 
stratigraphic sequence. The study of cross-laminations, 
flute casts, ripple marks, bedding and cleavage relationship 
etc., has yielded exceedingly gratifying results. Throughout 
this work Shrr)ck»=i 0342) 'ScH^ ieii^ je ±n Layered Rocks' was 
consequently a veritable bible to the author. Billings' 
(1960) excellent work on structural geology was also extensive-
ly used. 
Kedar Narain (1961) has suggested an unconformity 
between the 'Parsoi Formation' and the overlying succession 
of the *Bijawar Series' mainly comprising limestones 
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and banded-iiaematite-quartzites. No reason or justification 
was given by Narain for suggesting an imconformity between 
the two formations, on the other hand, demonstrated that, 
apparently, there is no reason to suggest an unconformity 
between these two formations. Instead, it appears that 
there is regular change of facies from south to north. The 
argillaceous sediments give way successively to calcareous 
and ferruginous-arer^ceous sediments as one proceeds upwards 
in the succession. Such changes are a common feature in any 
basin of deposition, and need not be interpreted as unconfor-
mity or even a break in sedimentation. 
Stratigraphic Nomenclature 
Pending the standardisation of the Indian Stratigraphic 
Nomenclature, the code recommended by the American Commission 
on Stratigraphic Nomenclature (1961), is used informally for 
classifying the rocks of the study area. In the absence of 
any fossil or data on radiometric age, the only basis available 
to classify these rocks is into rock-stratigraphic units. The 
rocks of the investigated area comprise two distinct litholo-
gical assemblages, each being mappable laterally on a scale 
1 . S 2 5 0 0 0 , as mapping on a scale of this order is essential 
for establishing a 'formation*(Code, 1961, Article 6d, p.650). 
The underlying assemblage is composed essentially of interbedded 
phyllites and argillaceous sandstones, which have undergone. 
in general, a low grade metamorphism. This sequence of rock 
assemblages is characterised by the lithological homogeneity 
and well preserved sedimentary structures. The overlying 
assemblage is mainly of limestones, and banded-haematite-quart-
zites and brecciated quartSiites. Thus, these two lithological 
units possess the requisite qualifications of a 'formation' 
(Code, 1961, Article 6, p.650). Following these recommendations 
(Code, 1961, Article lOe, p.652), names are suggested here 
for these two formations after the localities where the best 
outcrops occur. The available literature about the adjacent 
areas in the Son Valley suggests that the best exposures of 
the lower formation are seen near the Parsoi village (Mathur,1950) 
The upper formation, on the other hand, is best exposed in 
Tatapahar in the Siddhi district of Madhya Pradesh (Garalapuri, 
1966), which lies about 30 km west of the present area. 
According to Article 10 of the code (1961, p.652) "When geo-
graphic names (see remark h) are applied to such informal 
units as oil sands, coal beds, mineralized zones, and informal 
members (see Articles 4f and 8a), the unit term should not 
be capitalized", and 'geographic names should not be combined 
with the term "formation' in informal nomenclature. A litho-
logic term is, therefore, used instead of 'formation'j after 
the geographic name for the rock units exposed. The under-
lying formation is mainly composed of phyllites and the over-
lying formation is mainly composed of quartzites. Therefore, 
the lower formation has been designated as 'Parsoi phyllite' 
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and the upper one as 'Tatapahar quartzite'. For these two 
formationsKedar Narain (1961) had suggested the names, the 
'Parsoi Formation' and the 'Bijawar Series' respectively. 
As stated earlier, previous workers (see chapter I) 
had assigned these rocks to the'Bijawar System'. The 
'Bijawar System' of the type area comprises basal quartzites 
(locally conglomeratic), hornstone breccia, siliceous lime-
stone, which are succeeded upward by ferruginous sandstone, 
banded-haematite jasper and dioritic trap (Pascoe,1950,p.286-287). 
Tnis compares favourably with the upper formation i.e., 'Tata-
pahar quartzite' of the area studied, where also these rock 
types occur extensively in a same sequence. Moreover, lava 
flows in both the areas have yielded ages of ?.4 b.y.(Crawford, 
1969) and it may be reasonable to presme that these simultaneous 
igneous activities took place in different parts of the same 
geosyncline, i.e. the Bijawar and the area under review were 
parts of the same geoajmcline. This may justify their corre-
lation, albeit with reservation. 
It would follow that the equivalents of the under-
lying 'Parsoi phyllite' are not exposed in the Bijawar type 
area. It is, therefore, propose to tentatively refer to these 
formations in the area under review to the 'Bijawar System' 
till such time as a firm and reliable basis of correlation 
is proposed and is found acceptable. 
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For the reasons mentioned earlier, the usage of the term 
'System' is improper, as it is a Time-Stratigrapnic unit. 
Instead, a suitable 'group' tiame, which is higher in rank 
than a 'rormation' is called for. It is tentatively suggested 
that rocks higher in rank may nere be referred GO iniormally 
as rhe 'Mja-war group', thereby retaining the geograpnic name 
'Bi^awar' given by the earlier workers. The suggested strati-
graphic sequence of the Parsoi area is given in Table I. 
General Characters 
The 'Bijawar group' oi i?ocks, as pointed out earlier, 
occurs as a number of parallel ridges striking in an east-
west direction. The regional dip of this group of rocj£s is 
from 60°S to 70°Sj a lot^ rer value of dip locally in this area 
is taken to be a result of a plunge of the fold axes. The 
contact of the 'Parsoi phylllte' with the superjacent limestones 
and banded-haema-Gite-quartzi1;es of the 'Tatapahar quartzite' 
is always conformable. Broadly speaking the lower formation 
is exceedingly monotonous in character, also perhaps in tniCK-
ness, over a vast extent of tne area. They are composed of 
an apparently Homogeneous complex of interbedaed sedimentary 
units. However, diiierent strata often snow variations 
in the proportion of sandstone and phyllite. This, together 
with the internal sedimentary structures, permitted the 
recognition of subformationajL members in the 'Parsoi 
phyllite'. Also, lithologies are always gradational. 
All the rocks types have been subjected to low grade 
metamorphism and are uniformly folded, and in general, the 
deformation is severe. On the other hand, massive, competent 
beds show very little contortion when compared to the schists 
and phyllites. At some places, the phyllites have developed 
good sets of cleavages. The Parsoi phyllites appear to be 
divisible into:a lower member, dominantly of phyllites and are 
very fine-grained and of an upper member comprising thin alter-
nate bands of argillites and metamorphosed sanastones or silt-
stones. The 'Parsoi phyllite' is thus a mass of argillaceous 
rocks, occupying a large part of the area under investigation. 
The overlying 'Tatapahar quartjzite' covers a considerably small 
area. The predominant rock types of this fOTmation are banded-
haematite-quartzites, banded-haematite-jasper-quartzites and_ 
brecciated quartzites. The carbonate rocks, which form the 
lower part of the upper formation, occur in subordinate amounts, 
and are but rarely present. Thus, the upper formation comprises 
mostly ferruginous rocks. 
Lithology and Field relations 
Phyllites. Schists and thick-bedded Sandstones: 
Phyllites and schists (plate. I, Fig.l) constitute the 
bottom most rock-unit in the underlying formation. Although 
the phyllites are generally brown, beds of red, dark grey, 
purple and greyish white colours are not rare. Typical 
exposures of dark grey or black slate are found near the 
TABLE I 
SUGGESTED STRATIGRAPHIC SEQUENCE OF THE PARS01 AREA 
Vindhyan System 
( ( 
( ( 
( Semri Series ( 
( ( 
Kajrahat Limestone 
Bleaching Shales 
Basal Quartzites 
Basal Conglomerates 
Unconformity 
Faulted at some places 
Flows & Intrusives 
Metabasites, dolerite dykes, 
epidiorites and quartz veins 
Bijawar group 
(formerly 'Transi-
tion Series') 
( Brecciated quartzites with 
( iron ores, Banded-haematite-
( quartzite and Banded-haema-
Tatapahar tite-jasper~quartzite at 
quartzite places 
( Crystalline limestone and 
( Marble 
Parsoi 
phyllite 
( Banded argillite with thin 
( intercalations of meta-
( sandstones. 
( Thick-bedded sandstones. 
( Phyllite, quartz-mica schist 
( and occasionally black slate 
Basement unioiOTm 
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Khenjuar village and its adjacent localities. Bedding laminae 
in these rocks are scarcely recognised, and are subordinate 
to the cleavage at certain places. Occasionally a few 
sedimentary structures are preserved in these beds. 
A thick bedded sandstone, with interbedded thin phyllites, 
served as a marker horizon and proved to be by far the most 
important bed for deciphering a'number of major folds in the 
southern part of the area. Typical exposures of this member 
can be observed in the newly constructed Chopan-Katni railway 
cutting (plate.I, Figs.? & 3). Also, it can be traced right 
through Magardaha railway station upto Adarakudar village and 
at Karamsar and Jurra in the nala cuttings. Another band of 
thick sandstone is found near Siikra village, and this can be 
traced at Bakia and other places. However, its continuity 
is sometimes not seen on the surface because of soil cover. 
These beds are of fine to medium-grained quartz wacke sand-
stones, varying in colour from greyish black to brown and' 
retaining most of their primary textural characters. Generally 
speaking, brom sandstones predominate over the other varie-
ties. Greyish black sandstones are also prominent at certain 
places. The best exposures of the greyish black variety are 
noted near Magardaha railway cutting, and near Arangi and 
Kharar villages. Also, it is comparatively well developed 
in the southern part than in the northern' part of the area. 
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Occasionally there are ripple marks, rlpple-drlft cross 
laminations, flute casts and load casts etc. on these beds. 
Thickness frequency distribution of sandstone and phyllite:-
The thicknessftof ?06 beds of sandstone and phyllite 
(interbedded), were measured along the railway cutting, at 
the following localities: 1. section A- near Jfegardaha 
railway station, 2. section B- 46 meters east of Majrardaha 
railway station,, and section c - near Adarakudar village. 
In all these sections the sandstones appear to be cyclic 
repetetions in varying thicknesses. It would be legitimate 
to point out that true rhythmic variations in thicknesses 
of sandstones and shales is not knom from many recognised 
and well studied turbidite sequences, for example, the Puente 
Formation of California (Anderson and Koopmans, 1963,p.887) 
or the flysch sediments studied by Sujkowski (1957, p.549), 
The sedimentary member studied comprises huge, cyclic repe-
tition of sandstone and phyllite beds for several hundreds 
of meters, and is characterised as a whole by the great thick-
ness of the sandstones than the phyllite beds. 
The 206 beds of sandstone and phyllite measured were 
grouped into 2cra class intervals, and the frequencies cumulated 
and plotted on the logarithmic paper (Fig.4), The total 
thickness of the above three sections is 60.73 meters. The 
thicknesses, plotted on the logarithmic paper, indicate log 
normal relations for they plot as straight lines. Similar 

log normal relations have been obtained from other turbidite 
sedimentsCPetti^ohn, 1949; Bokman, 1953; McBride, 1962; and 
Dott, 1963). It can be seen from figure 4 that on the one 
hand, both the sandstone and phyllite beds decrease in thick-
ness tovrards the east, and on the other, the thicker beds 
of both sandstones and phyllites deviate from log normal. 
Similar observations have been reported from the Martinsburg 
Formation of the eastern United States (McBride, 1962) and 
from the Cretaceous flysch sequence of the Patagonian Andes, 
southern Chile (Scott, 1966), 
Banded Arqillitet 
1 marked characteristic of this member is the regular 
thin bands which are alternately coloured black and grey, tan 
and sometimes even red (Plate,II Fig-."!'.). The parallel 
banding of the different colours iiS due to interlamination 
of silty, argillaceous and ferruginous material. The strati-
fication bands are often more than 1cm thick and according 
to Mckee and Weir (1953), the banded argillites may be consi-
dered as very thinly bedded. Some of the bands, particularly 
those which are greyish black in colour, range in thickness 
from 1 to 3 mm and they may be regarded as very thinly 
laminated. The other most striking feature of this unit is 
the ubiquity of internal bedding features like parallel 
laminations, ripple-drift-cross-laminations, Convolute 
laminations etc. These internal sedimentary structures, in 
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an upward sequence, occur in a derinite order. However, 
sedimentary structures are rare in the thick bedded sandstone 
member. The genetic significance of these structures is 
discussed 1 later. 
Crystalline Limestone and Marble; 
Crystalline limestones which crop out a kilometer 
north-east of Parsoi, and from there they spread out farther 
eastward to Arangi, Their relationsl^ ip with the underlying 
'Parsoi phyllite', as*well as with the overlying banded-hematite-
quartzites, is obscure, since they are completely lacking in 
bedding. Hovrever, their position can be located by means of 
major structures in the region. The rugged weathering surfaces 
of these limestones are of great help in recognizing them at some 
localities. Usually these limestones occur in lenticular masses, 
and are brownish white in colour though sometimes also red. 
Because of the selective distribution of colour in these rocks, 
one may attempt to generalise that the limestones that overlie 
the 'Parsoi phyllite' are brownish white in colour, but those 
associated with the traps are commonly reddish. Generally 
speaking, they range in composition from siliceous to ferru-
ginous, and coarsely crystalline calcitic marble and occasionally 
to dolomite. Thus, the limestones occurring in Kunwar areas 
are siliceous, massive and crystalline; whereas those occurring 
at Chulia and to the west of Chulia are mostly ferruginous. 
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A calcite vein, about O.^Km in length J occurs witiiin 
tile crystalline limestone, about tiiree kilometers north 
of Parsoi (?4°26'; 52°54»). The mineral is transparent, 
but near the exposed, surfaces it is slightly iron stained 
along the cleavage planes. It is possible that calcite 
has been formed by the dissolution of the limestone and 
reprecipitation of pure calcium carbonate in cavities in the 
limestone. * 
At some places, particularly at Parsoi and Arangi 
villages, limestones are highly recrystallised, and hence 
coarse-grained, calcitic marble. Foliation may be noticed 
near Arangi and may be the result of the appearance of green 
actinolite. 
Banded-Haematite-Quartzite, Banded-Haematite-Jasper-Quartzite, 
and Brecciated Quartzite; 
Quartzites occur at several places in the area and are 
generally mderlain directly by the upper most member of lower 
formation, though sometimes by the Crystalline limestones, as 
seen to the east of Kunwar, to the north of Parsoi, and near 
Arangi, and Kauria. Occasionally, also quartzites rest 
directly on argillites as at Chulia and Kaspani. Commonly they 
form the highest elevations in the area under investigation. 
These quartzite-capped ridges form convenient landmarks, which 
are very helpful in determining the major folds in the northern 
region of the area. 
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Banded-Jiaematite-quartzite occurs at tiie base of the 
Brecciated quartzite, and is well seen at Chulia and Parsol. 
Quartz and iron ore occur in alternating bands. Such rocks 
often exhibit well bedded structures. Generally speaking, 
these rocks are tightly folded at sharp angles. A typical 
specimen of Banded-haematite-and ^asper-quartzite with small 
step faulting is sho^ vn in fig.l (plate. VII). The banded-
haematite-quartzite is more haematitic near Chulia and 
Kunwar than at Parsoi. It is composed of grains of specular 
iron ore (haematite) and greyish brown quartzite, arranged 
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in parallel layers. Quartzite layers range in thickness 
from a fraction of an inch to an inch. Limonite sometimes 
takes the place of haematite and imparts a brownish yellow 
tint to the rock. Banded-hsmatite-quartzite beds are imper-
sistent, and cannot be traced for long distances along the 
strike direction. Hence it was not found possible to map 
them separately from the Brecciated quartzite beds. 
At Chulia this formation is partly represented by 
banded-haematite-jasper-quartzite, and other outcrops are 
invariably brecciated. They are composed of fragments of 
quartzite and jasper, generally angular to subangular in 
shape. The cementing material is secondary silica and iron 
oxide. Fragments of banded-haematite-quartzite also occur 
in the brecciated quartzite. It is probable that crushing 
has resulted in haematitic powder, which appears as the 
cementing material and also as fillings of the voids between 
the crushed fragments. Cementation by haematite is predominant 
at certain places. This is seen particularly in the hills 
near Tarsoi. In the Bijul section near Darti, relict bedding 
planes of banded-haematite-quartzite in the brecciated quartzite 
are seen even after its brecciation. However, from a distance 
the horizon appears to be a crushed and a craggy mass, forming 
chains of hillocks with an east-west disposition. Pure white 
quartzites, with occasional fragments of red jasper and 
haematite are seen in the nala bed north of Parsoi. When 
traced farther east, it is seen to grade crudely into brecci-
ated quartzite. 
Nature of Brecciation:-
In this area brecciation seems to be the result of 
* 
(a)# chemical action (b) and tectonic activity. 
The former one can be distinguished in the field by 
the absence of slickensides or association of visible faults. 
Moreover, it appears that the brecciation of the banded-haema-
tite-quartzite is present only on the surface of the beds 
and not in the interior. Therefore, in this case, brecciation 
(Plate VII, Fig.3) was considered to be a result of intense 
weathering. Similar, brecciation is described from the 
Canga area by Dorr gi aJl, (1952 p.286). 
Locally, however, brecciation took place apparently 
by tectonic movement or faulting (Plate VII, Pig.2). Such 
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localitles are noted for the occurrence of strong slickensldlng, 
grooving, deformed fragments and sometimes a distinct asso-
ciation with visible faults cutting across these brecciated 
quartzites. Important areas for such tectonic activity are 
Kauria, irangi, and other places. 
Basic Intrusives: 
Intrusives in the area can he divided into two groups, 
namely: 
1. The unmetamorphosed north-south striking dykes. 
Basic metamorphosed sills. 
One of the longest dykes of the area cutting across the 
phyllites occurs along the Khairahi nala. It is approximately 
3.8 kilometers in length. Other dykes are seen near Semerda, 
to the north of Khenjuar and are more or less parallel to this 
long dyke. All the dykes mentioned above occur only in the 
'Parsoi phyllite'. They are all doleritic in composition. 
On the other hand, the sills are epidioritic in composition. 
The vast majority of them are fine-grained, though some are 
medium-grained in texture. However, almost all the dykes are 
narrow and inconspicuous and do not break into branches or 
offshoots. All the dykes, particularly the one near Semerda 
village, and with the exception of the dyke running along the 
Khairahi nala, weather into rounded boulders of various sizes, 
and sometimes show distinct exfoliation structure. Often their 
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continuity may be inferred in the field from the occurrence 
of these isolated houldery fragments scattered on the siirface. 
Chilling of rocks in the marginal zones of these dykes is 
not notable, with the exception of the long dyke occurring 
along the Khairahi nala. 
Basic sills have been noticed near the south of Dob 
and the north of Pipra, as shown on the map (Fig.Sa). They 
run in an east-west direction roughly parallel to the strike 
of the Parsoi sediments. They are also restricted to the 
'Parsoi phyllite' and never occur in the Tat^ ahaiE.r quartzite. 
In contrast to the dolerite dykes, the sills are subjected 
to low grade metamorphism and petrographically they may be 
placed in the category of epidiorite or meta-dolerites. 
Basic Lava Flows: 
Basic lava flows have been noticed in their greatest 
development near Parsoi and Kunwar and extend up to Kauria 
village, almost 6 to 8 km in length, along the strike. Their 
mode of occurrence, the extensive presence of amygdules (plate 
VI^ Fig .4), as well as the complete absence of igneous veinlets 
in the adjoining rocks whose junction with the lava is clear 
and normal, reveal that they are not dykes or sills but are 
subaerial lava flows. Strong folding in the area has induced 
distinct schistosity in these lava beds, sometimes they are 
completely altered into schistose rocks. The tjrpical specimens 
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rr©m tne Parsoi and Kunwar areas are green in colour. The 
vesicles are filled with calcitic material. 
Agglomeratic trap; 
An excellent exposure, nearly f?00 meters long, of an 
agglomeratic trap (plate II, Figs. 2 & 3) is noticed near 
Kunwar. It occurs above the lava flow and below the purple 
shale, striking 70% to S 70°E with a dip of 70° tovjards 
the s«uth. Its strike has a consistently parallel relationship 
with the strike of the purple shale. Basaltic fragments of 
varying sizes, with vesicular surfaces, are embedded in a 
homogeneous trap matrix. They are subspherical to elliptical 
in shape, range in size from 13 cm to one cm and are usually 
aligned in a direction varying from N30°W to F 70°E with a 
plunge ranging from 15° to 65° towards the southeast. It is 
possible that these subspherical and elliptical inclusions 
are volcanic bombs and lapilli, that became embedded in the 
subsequent lava flows. This is supported by the fact that 
some of them are highly vesicular, and apparently " lost their 
gases in explosive spurts" ( Holmes,1965, p,303). 
CHAPTER III 
THE GEOLOGICAL STRUCTURE OF THE AREA 
It has "been mentioned earlier that the "Bijawar group' 
is strongly folded. The relationship between the minor and 
ma;5or structural features (major folds, and faults etc. ), 
the style of deformation, and the geometry of the various 
structural elements found in the area, are discussed here. 
At each outcrop various lithological units were studied in 
detail for their primary features, like bedding and secondary 
structures, that came into being during deformation, like 
axial plane cleavage, slip cleavage, lineations, axes and 
plunge of tne minor folds etc. In order to decipher the 
relationship between the minor structural elements, the 
entire area was divided into two sectors and these two sectors 
further subdivided into eight sub-areas, and-minor structural 
elements from each sub-area were then plotted on equal area 
net. The results , thus, obtained for the various sub-areas 
were analysed by means of synoptic diagrams to see if the 
geometry of the minor folds was consistent with that of the 
major folds oj not. An attempt has also been made to determine 
the movements that gave rise to the observed geometry of the 
present folds. 
Terminology and Method of Study 
For the detailed structural analysis of the present area, 
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the terminology of letters, and the principles and eoncepts 
enunciated by Sanders (1930, 1948) and V/eiss (1969) nave been 
followed in the present study. The following'short-hand' 
letters are, accordingly used for various structural elements. 
'S|^ ''is used for the original stratification or primary 
bedding, as it is the first to form in the depositional history 
of the rocks. 
'Spf is used for the first cleavage as it is geometrically 
the earliest formed cleavage, i.e., axial plane cleatiage. 
'83* is denoted for the cleavage formed later than the 
'S^ ' cleavage. It is the 'Slip cleavage'. 
'L' stands for all the linear structural features developed 
during the deformation, and numbers are added'after the letter, 
such as & 'Lp', to signify the different lineation formed 
by different defoliation phases. 
'B' denotes small scale folds, and the respective numbers, 
& 'Bg', are used for the folds formed by the different 
phases of deformation. 
The folds of the study area have been classified into 
four groups depending upon their size,(Knill, i960,p.341). 
" 1. Micro - folds, which are best studied in thin 
sections; the lirbs are never more than 0.5 inch across. 
2. Minor folds are not mappable as individual 
structures on a scale of six inches to one mile. They may 
vary from 0.5 inch to 50 feet in wave length and 1 inch to 
15 feet in amplitude. 
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3, Large folds are mappable on a scale of six inches 
to a mile and affect tlie local, but not the major, distribution 
of stratigraphy; these folds range from 60 to 600 feet in wave 
length. 
4, Major folds determine the general structure of the 
district or region as a whole and their wave length is always 
greater than bOO feet". 
The attitudes of different structural elements, bedding, 
cleavage (axial plane cleavage and slip cleavage), joints 
(longitudinal, oblique, and cross joints), small scale fold 
axes, and lineations were measured and plotted on the map 
(Fig.3b) as well as on equal area net. All the fracture 
surfaces were marked as joints in the lithological units 
involved unless there was a clear evidence of faulting. 
Structural Elements 
The structural elements discussed are divided into the 
following two groups 
1. Minor structural features 
2, Major structural features 
The elements included under the former are bedding, axial 
plane cleavage, slip cleavage, intersection of bedding and 
cleavage, small scale folds, boudlnage, puckers on schistoslty, 
striation lineation, mineral lineations, joints and minor faults, 
the' latter, on the other hand, includes major folds, major faults, 
unconformity and thrust. 
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Minor Structural Features 
Bedding Sn 
Bedding is the most prominent non-diastrophic structure 
in the area and is observed in all the formations except the 
carbonate rocks of 'Tatapahar quartzite'. It is best preserved 
in the metasediments of 'Parsoi phyllite', where it is seen as 
colour banding or compositional banding or changes in grain 
size that may be paralleled by large partings (Plate II,Fig.1 
& plate XI, Fig.i). The colour bandings are commonly dark 
grey, broimish yellow, red, sometimes light green in colour. 
In banded-haematite-quartzite bedding can be recognised by 
alternate haematite and quartzite bands and at places by red 
jasper bands (Plate.VII,Fig.1), Howelfer, at places where the 
bedding has been obliterated as a result of intense development 
of.cleavages, there is oft@n considerable difficulty in 
recognizing the original bedding in these rocks. In rocks with 
dominant cleavages it appears as colour bands or disconnected 
lenticular pods, elongated in the cleavage and stacked upon 
one another in the direction of the former bedding plane. 
Studies of the attitudes of the beds were made at localities 
evenly distributed over the area, and are plotted on a map 
(Fig.3b) with an appropriate sjrmbol. 
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Axlal Plane Cleavage 'So*: 
Axial plane cleavage is the most prominent diastro-
/ 
phic feature developed in the argillaceous sediments throughout 
the region. It is parallel to the axial plane of the folds on 
all scales, from thin sections with Sp running parallel to 
the axial plane of the micro-folds on S^ (Plate XI, Fig,5>), 
to the major folds, as showi on the map (Fig.S'a). In the field 
it can be recognised by the regular planar partings along 
which the rock can be split into a number of sheets (Plate III, 
Fig.l), Cleavage can also be determined at places by its good 
luster on the surface, indicating alignment of the mineral 
grains on the cleavage planes (Osberg, 1965). Under the micro-
scope-it is observed that schistosity is developed in some of 
the phyllites and schists, as result of a regular alignment of 
platy minerals, like muscovite and biotite (Plate XI,Fig.4), The 
relationship of the bedding plane (S^ )^ with the S^ cleavage 
varies, and for the obvious reasons, depends upon the position of 
the outcrop with reference to the fold axes (Plate III, Fig.S), 
Thus, for the example, the Sjj-cleavage at the nose of the fold 
is exactly at right angles to the bedding. On the other hand, 
S^ and Sp are more or less parallel to each other along the 
limbs (Plate III, Fig, 3). The amount of dip in these two struc-
tures at most of the places are different, indicating that fold-
ing is not strictly of isoclinal type. These cleavage planes are 
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fairly constant all over the area mapped (Fig,3a). Axial 
plane cleavages strike ENE to ¥SW and. ESE to M ¥ and dip 
steeply towards SSE to SSW. Cleavage tends to be absent 
in the coarser and thicker sandstones and occasionally 
schistosity is developed in such cases. Cleavage generally 
improves with increase in argillaceous material, while 
schistosity fades out at the contact of the phyllite with 
the sandstone bed. Minor changes in the attitudes in cleavages 
reflect a change in the attitude of the axial plane of the 
/ 
associated folds. A regionally uniform attitude of cleavages, 
independent of bedding, indicates a penetrative strain, charac-
teristic of a uniform plastic body. This implies that the 
interbedded sandstones were more competent than the phyllites. 
The contacts usually are tigh-cly welded and show no shearing 
parallel to the contact, whereas cleavages in the phyllites 
are most often sharp and undeformed at the contacts. 
Mead (1940,p., 1009) and Billings (1960, p.339-40) have 
described that axial pl^ne cleavage can also be defined as 
'flow cleavage' in a genetic sense and it is due to the result 
of "plastic deformation by interatomic rearrangement of 
constituents. It is a consequence of dynamic metamorphism. 
It is homogeneously or evenly developed in the rock and not 
spaced into parallel surfaces as in the case of shear cleavage". 
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It is apparent from the field and thin section studies that 
the flow cleavage is developed by recrystallization in support 
of the above view. 
Slip Cleavage (S3): 
Slip cleavage is rare and occurs only occasionally in 
the fine-grained phyllites in which sericite is the dominant 
constituent and also in a few metabasites at Parsoi and Kunwar 
areas. It is a roughly parallel set of closely spaced micro-
faults that grades into crinkles on the axial plane cleavage. 
Crinkles in these rocks are considered to be the Incipient 
stage of development of slip cleavage. Where deformation has 
not produced fractures, the axial planes of crinkles may bo 
taken as slip cleavage. The surfaces of slip cleavage show 
dull sheen owing to the bending of well orier-ted sericite fi'om the 
earlier axial plane cleavages into the slip cleavage planes. 
This feature is best seen in the phyllites (Plate.XI, Fig.3), 
and in thin sections, show crenulations of earlier axial plane 
cleavages (Sg) that are dragged into parallelism with the planes 
of slip cleavage. It is also seen in the outcrops of banded 
argillite (Plate.IV, Fig.l) near Satichura and at other places, 
where the bedding laminae have been dragged along the closely 
spaced fractures. Slip cleavage commonly transects S2 cleavage 
ana bedding laminae with large angle and observations from these 
rocks indicate north to northwest strike and moderate to steep 
west to southwest dip. 
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Intersection of Bedding and Axial Plane Cleavage(So); 
The intersection of primary bedding with axial plane 
cleavage results in the development of a linear feature, 
called 'lineation' (Billings, 1960, p.354), Indicated here as(Li), 
This type of lineation is well developed on the bedding 
surfaces of phyllite and schist and are particularly prominent 
in the northern half of the area. As is well known (Leith, 
1923, p.183; Billings, 1960, p.358), these fine lines correspond 
to the trace of the cleavage on the bedding, which is parallel 
to the axis of the corresponding fold. In the present case 
'Li' lineation is parallel to the 'B]_' fold axis. 
In metabasites this type of lineation is produced by the 
intersection of earlier schistosity and slip Cleavage (Lg), 
The intersections of these two tjrpes of cleavages in these 
rocks are represented as minor plications. According to Cloose 
(1949, p.18-19) the intersection of the two cleavages produced 
wrinkles and crenulations owing to displacements along the 
planes. This lineation (Lp) is parallel to the axial plane 
of the 'B^' fold. The intersection of axial plane cleavages 
and bedding or slip cleavages are generally consistent in their 
attitudes in all the outcrops in which they occur. However, 
their plunge, depending upon the attitudes of the bedding 
surfaces, changes frequently. 
Boudinage; 
Boudinage structures are rej^resented in this area by 
pinch-and-svTell structures. They are generally characterised 
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by the disruption of competent layers (mostly quartz veins) 
in the less competent pelitic and psammitic layers (Wegmann, 
1932; Cloose, 1947). Boudinage stru.cture is uncommon -within 
this area and is recognized only at two localities to the south-
southeast and north or Kunwar village. Generally speaking, 
they are longitudinal with prominent elongations, but sometimes 
also elliptical with smooth, rounded margins, and distinct 
thickenings and thinnings of competent layers into small segments. 
Sometimes the boudinages are separated from each other at 
the pinching point, thus indicating a 'beaded' structure 
(Badgely, 1965, p.300) (Plate VI, Fig.2), and in general they 
are parallel to the local fold axis. Billings(1960,p.354-355) 
has pointed out that this type of structure results from 
stretching at right angle to the boudin line. 
Puckerlngs: 
Very small folds, with wave lengths varying from a 
fraction of a mm, to more than 5 mm, are designated generally 
as puckering. They are very well seen in the phyllites and 
quartz-mica schists at Kunwar, Parsoi, anu. Arangi and other 
places, being particularly prominent near the Parsoi-Vindhyan 
boundary to the east. Their attitudes can be measured easily, 
and vary from W 50% to N 18°W - N-S, with a plunge of 15° - 40° 
towards S 50°E or S 18°E or occasionally south. Sometimes the 
puckers are very sharp and 'rod' like, as seen in a nala bed 
near the Parsoi village. It seems that the formation of these 
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puckers is due to flexural slip folding on a small scale 
along sehistosity surfaces. 
Striatlon Lineations: 
Slickensided bedding surfaces are most conspicuously 
seen in these rocks; for example in the stream bed near Pipra 
and Satichura and. at a number of other places. Usually they 
are seen on blocks of phyllites interbedded with meta-sandstones 
and on banded-haematite-quartzites etc. Striations extending 
from several cm to more than a meter in length are common. 
Permeation of siliceous solutions, resulting in the deposition 
of more or less thin films of quartz, has frequently taken 
place along the slickensided surfaces. Such vein-lets of 
quartz on the slickensided surfaces generally give rise to 
fibrous structures, whereas strong grooving leads to minute 
'roded' structure. 
Mineral Lineation: 
Sometimes lineations are marked by fine streaks of 
minute crystals of muscovite an^ ^ biotite on the S-surfaces 
of the phyllites ana quartz-mica schists. Heavy opaques, too, 
are occasionally marked similariLy as mineral lineation on 
the bedding surfaces. Along the shear zone, at the boundary 
of Vindhyan with the 'Bijawar group', mineral lineations are 
well recorded aiid are the result of an arrangement of biotite 
minerals. In the metabasites, distinct lineations are 
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characterised by Hornblende and sometimes by chlorite, as 
at tJie Parsoi village, and in the Kimwar area. These, in 
general, correspond to the 'b' direction of Sander's (1930) 
fabric. They run generally in a N 38°¥ - N50°¥ direction 
and possess a plunge of 56° - 80^ towards S 38°E to S 50°E. 
However such mineral lineations are very rare in this area. 
Small-scale Folds; 
Small-scale foldw are observed in almost all the rock 
types of the ^Bi^awar group' and they include microfolds, 
minor folds, and large folds (Knill, 1960, p.341), Axes of 
the minor folds form the characteristic linear elements 
represented in this area. From south to north no significant 
variation in the intensity of folding is seen. However, the 
intensity and character of folding are controlled mainly by 
the competency of the rocks involved. Although the style of 
folding in the limestones and banded-haematite-quartzites of 
'Tatapahar quartzite' is similar to that of metasediments of 
'Parsoi phyllite' its intensity is limited to some extent 
owing to the competent and massive nature of the rocks concerned, 
Information pertaining to the direction and plunge of the 
fold axes, their style and shape and their relationship to 
other structural elements were recorded from field observations 
and are described later in this study. These folds range 
from gentle, open folds (Plate.lY, Fig.3) to isoclinal folds. 
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Their tectonic style is illustrated in Fig.5. As pointed 
out later, minor folds are believed to be genetically 
related to the development of major folds. The attitudes 
of the minor fold axes vary generally from east to S 
to south with a plunge of 15° to 35° towards the east 
as well as to the west in the former case and towards 
S 45°E to south in the latter. Observations on the small-
scale folds reveal that the thickness of the bedding plane, 
both in the limb and the crest of the folds, is generally 
constant. It reveals, that they were formed by concentric 
folding. Concentric folding is also indicated by the form 
of fold that changes upward as well as downward. This 
situation is generally seen in the case of rounded open 
folds in banded-haematite-quartzites and carbonate rocks. 
But in some phyllites and banded argillites, folds are 
similar in style. However, the general appearance of these 
small-scale folds indicates that a majority were dev-eloped 
by concentric folding. 
Major Structural Features 
Joints: 
Joints are one of the most well developed feature on 
the S-plane, They are closely spaced and straight, without 
any deviation in the successive beds. Hox^ rever, jointing is 
controlled by the competency and thickness of the beds and 
SCM 
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FIG. 5 - - T E C T O N I C STYLE OF MINOR FOLDS 
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also by the position of the folds in which they occur. In 
competent, thick bedded sandstones they are not closely 
spaced but are widespread. Joints noticed in phyllites, 
banded argillites as well as in the thin bedded metasandstones 
are perfectly developed and closely spaced (Plate V, Fig.l), 
Measurements of their attitudes have been recorded from all 
over the area and almost from every rock unit. However, no 
systematic measurements were made to establish the exact 
relationship with the major folds. Limestones and quartzites, 
generally speaking, are highly jointed, as they are hard and 
resistant rocks. Indeed, at times they break into small blo.cks 
(particularly so the limestones,) owing to the intersection 
of different patterns. • 
Depending upon the strikes of the joints developed, they 
may be classified into three sets namely: 
1, The 'Strike Joints', which are parallel to the attitude 
of the bed, and run E-¥ to ESE-VJN¥ with dips of 65° - 90° 
towards the south as well the north. Badgely (1965, p,99) 
calls them Longitudinal Joints" and normally they are parallel 
to the major fold axes. Billings (1954) on the other hand, 
considers this type of joints as 'released joints' ; whereas 
Turner (1948, p.182) believes that they are 'hoi' joints, 
parallel to the fold axes. Such joints, according to Billings 
(1954, p.117-96) are formed due to compressive forces. 
The other important and widespread joint pattern 
developed in the different lithological units of this area 
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is of the N-S trend. The trend of these joints is perpendi-
cular to the general strike of the minor fold axes, and 
hence, they may be designated as "cross-joints" ( see Badgely, 
1965, p.99). According to Billings (1964, p.117) these 
joints are'extension joints' and are also formed due to 
compressive forces. 
3. The third type of joints, with a general NE to S¥ 
trend, may be classified as ""diagonal joints" (Willis and 
Willis, 1934). They occur as two sets sometimes arranged 
symmetrically with reference to the cross-joints. One of the 
sets of these diagonal joints strikes between N>25°E and 
N.60°E and dips towards SE & NW with angles varying from 
45° to 80°. The other set of joints strikes N 50% - N P.0%, 
At places these joints are seen intersecting each other. 
Billings (1960, p.118-119) pointed out that "two sets of joints 
that intersect at high angles to form a conjugate system are 
often considered as shear fractures, especially if they are 
symmetrically disposed about the strain axes". He has opined 
ths-tshear joints are produced by a couple. 
The strike-frequency of the joints from all over the 
area are here illustrated by means of rose diagrams, divided 
into eight segments for the sake of convenience (Fig.6). 
Thus, the strike-frequency diagrams of the different sub-areas 
clearly indicate that the "longitudinal joints" are scarce 
over large areas, though fairly common in the Parsoi and Kunwar 
areas (Fig.6). However, R-S is the major joint pattern in this 
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region with the exception of the two bottom most segments. 
Diagonal joints are well developed all over the area, and 
are particularly prominent in the southern quadrants. 
Relation of the Intrusive Rocks to the Structure of the Region 
Structural relationship of the dolerlte dykes can best 
be understood by the study of the structural features of the 
country rocks which comprise metasediments of the 'Parsol 
phyllite' sequences. The N-S steeply dipping major joints, 
excluding minor variations are widespread in the area. The 
trends of the major joints, and of the dykes, indicate that 
there is a remarkable coincidence in their directions. This 
leads to the conclusion that the trends of the dykes were 
controlled by an earlier formed master joint system in the 
country rock. 
Major Folds: 
The major folding of the area is asymmetrical, sometimes 
overturned towards the north. This is evident not only from 
the study of the major fold axes at Parsoi ahd other places 
and the systempratic analyses of structural geometry based 
on detailed structural mapping but also from the 7T ST-
\ 
diagrams of the various structural data discussed later in 
the chapter. Major fold axes of the area show a trend 
essentially between ENE - WSW to ESE - "WNW. 
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it seems possible that outcrops of banded-haematlte-
quartzites and brecciated quartzites in the northern part 
of the area occupy the axial zone of ENE to ESE striking 
synclines. Such trends of the axes, indeed, may clearly be 
seen from the map (Fig,3a). Thus, as shown on the map, 
(Fig.3a), the major folds of ,this region are roughly parallel 
to each other. The following folds, named after the locality 
at which they occur, are described here briefly. 
Parsoi Syncline;-
The Parsoi Syncline is seen at the Parsoi village 
and is shown in the map (Fig.Sa). It shows a continuous 
quartzite ridge, striking nearly in the ESE - W W direction, -
The axis of the syncline passes through the centre of the 
quartzite ridge, and is aligned in a 100° direction. It coincides 
remarkably with the minor fold axes exposed in the area. 
This syncline, occupying the sub-area 'D' in sector I (Fig.13), 
is a well defined overturned syncline, plunging roughly 30° 
towards ESE discussed later in this chapter. 
Kaspani Syncline;-
The Kaspani Syncline is out-lined by the exposures 
of banded-haematite-quartzites, brecciated quartzites and 
phyllites at south of Kaspani and Chanchalia. Its syn.clinal 
nature is deduced from the stratigraphy established in the area. 
In this case also quartzites 'form a prominent roughly east-west 
striking ridge. Through the centre of this ridge the axis 
of the major fold passes (Fig.3a), This syncline is also 
a sharp and tightly appressed fold, and occupies a long 
narrow ridge. 
Satichura and Amarunia Anticlines:-
These folds are complementary to the Kaspani and Parsoi 
Synclines; their anticlinal nature has been established on 
the basis of (a) the recognition of the Kaspani and Parsoi 
folds as synclines (b) the attitudes of the bedding and 
cleavage. 
Other Folds;-
Delineation of the major folds in the southern half of 
the region is a difficult task. The extremely monotonous phy-
llites interbedded with the metaquartzwacke sandstones, and 
exposed in a series of small scale anticlines and synclines 
without any recognizable key horizon, render the task very 
often unrewarding. However, help sometimes comes from thick 
sandstone beds, prominently exposed in this region. Three 
major folds, each approximately 2 miles in width, can be 
recognized with its help. The Parsoi syncline is thus followed 
in the southward direction by an anticline whose axis runs 
through Paprakund village. This is followed by a syncline 
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whose axis runs between Karamsar and Kharar villages, Anti-
cline occurs to. the south of Kharar« 
Thrust Faulting; 
The existence of a thrust has been presumed to explain 
an anomalous relations between stratigraphic units. In fact, 
there are indications of intense deformation and great movement 
along this thrust, axid hence it is considered a major structural 
feature. 
At Kauria, an isolated outcrop of brecciated quartzites, 
limestones, and metabasites along the western bank of the 
Rihand river is in contact with the Kajrahat Limestone and in 
fact, the former overlie the latter. Accordingly, it is 
believed to be a thrust contact. Similarly to the west of 
Siur these pre-Vindhyan formations are found underlying the 
Kajrahat Limestone but overlying the basal conglomerates, and 
hence the conclusion is obvious that the Pre-Vindhyan formations 
have been thrusted over the lower Vindhyan rocks in this area 
as well (Fig.3a), Observation on random outcrops, suggest that 
the movement along the thrust plane was in an eastnortheast 
direction. This thrust fault extends from the east of the 
Rihand river westwards upto Arangi village. It is hereafter 
referred to as the 'Kauria Thrust', as it passes directly 
through the village of that name. In addition to this subtle 
indications of thrusting are found at several places. These 
include anomalous strike readings, intense fracturing and. 
slickensiding of the quartzites to the west of the Rlhand. 
Faults; 
A large number of faults has been noticed in the area. 
However, smaller faults are in an overwhelming majority. 
Only the major faults, which extend from seferal hundred 
feet to several miles in length, have been shown on the 
map (Fig,3a) and smaller ones have been omitted, for on iahe 
scale of ?-inches to a mile these are obviously not mappable. 
Generally speaking they have been identified on the basis of 
structural breaks with occasional slickensidin^, brecciation 
and silicification. Only small faults, with a .displacement 
of hardly 1 foot to l-^- feet, are exposed in the area. They 
tend to complicate the structure so much so that the nature 
of the movement along the major faults, as well as the dips 
of the fault planes, often can not be determined. 
The important faults are those which are parallel to 
the strike of the bed, and hence these faults may be designated 
as 'strike faults'. Accordingly, they are at times very 
difficult to determine in this area. Oblique faults are 
observed at the boundary of the 'Bijawar group' with the 
Vindhyan System, and normally their displacements can be 
determined accurately. Faults running across the fold axes 
also are sometimes noted. 
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Unconformity; 
A distinct unconformity can be inferred from the 
exposures as well as from the map relations of the rock 
units between the pre-Vindhyan and the lovrer Vindhyan rocks 
as inculcated by the basal conglomerates. This unconformity 
continues uninterruptedly all along the western bank of 
the Rihand in the north eastern part of the mapped area. 
All along this margin the basal Vindhyan conglomerates rest 
on the Parsoi phyllites. 
Structural Geometry 
Structural geometry is deduced by plotting structural 
data on the lower hemisphere of an equal area net. The whole 
area under investigation has been divided into two sectors, 
and each sector comprises four sub-areas (Fig.7). From these 
sub-areas "^ S]., pSi, nS^ and B-diagrams have been prepared. 
Finally, in order to study whether the geometry of the 
sub-areas is compatible with that of major folding, the 
relationships between the sub-aEeas were analysed by means 
of synoptic diagrams of each sector. 
Sector I: 
This sector comprises the northern portion of the 
area, including sub-areas A-D (Figs.8-14). The follo\^ ing 
localities are included under each sub-area: 
CHANCHALIA^ ^•KASPANI 
\Y*CUSARI 
SAT/CHURA 
® 
PARSOL 
' ARANGT 
'HURKUTI © 
•MAQARDAHA 
PHAPRAKUNO 
^ *HARAMSAR 
JURRA 
BAKIA 
*SUKRA ® 
© •KHARAR 
0 2 —L. JMILE AMARSOTT PALS A 
FIG. 7.-SKETCH MAP OF THE PARSOl AREA SHOWING 
SECTORS AND S U B - A R E A S 
( A — D) Sector I 
( E — H) Sector II 
F I G . E Q U A L AREA PROJECTION OF 301 P O L E S OF BEDDING PLANES 
FROM SECTOR I, S U B - A R E A A 
CONTOURS 1 - 3 - A - 5 - 6 PERCENT 
FIG.9_ EQUAL AREA PROJECTION OF 670 POINTS OF p S i 
FROM SECTOR 1 S U B - A R E A A. 
CONTOURS 2-3-A-5-6 PER CENT PER 1 PER CENT AREA, 
AXES OF THE MINOR FOLDS ARE SHOWN AS CROSSES. 
FIG.10^ EQUAL AREA PROJECTION OF 265 POLES OF BEDDING PLANES 
FROM SECTOR I SUB-AREA B. 
CONTOURS 1 - 3 - 5 - 7 - 9 PER CE NT PER 1 PER C ENT ARE A 
AXES OF THE MINOR FOLDS ARE SHOWN AS C R O S S E S 
FIG. n _ EQUAL AREA PROJECTION OF 157 POLES OF BEDDING PLANES 
FROM SECTOR I. SUB-AREA C. 
CONTOURS 2-3-4-5-6-7 PER CENT PER 1 PER CENT AREA. 
FIG.12_ EQUAL AREA PROJECTION OF A8 MINOR FOLD A X E S 
FROM SECTOR I, SUB-AREA C. 
CONTOURS 2-^-7-10-13 PER CENT PER 1 PER CENT AREA 
FIG. 13 EQUAL AREA PROJECTION OF 72 POLES OF BEDDING PLANES 
FROM SECTOR I SUB-AREA D. 
CONTOURS 1-A-7-1A-20-2 7-31 PER CENT. BROKEN LINES ILLUSTRATE 
p S-i-DlAGRAM 
CONTOURS 2 - 3 - 4 - 5 - 6 - 7 PER CENT P E R 1 PER CENT AREA . 
T 
• • 
FIG. EQUAL AREA PLOT OF 68 MINOR FOLD AXES ; 
AND 23 INTERSECTION OF Si & S2 FROM SECTOR I S U B - A R E A D 
DOTS - FOLD A X E S , CROSSES- INTERSECT ION OF Sig.S2 
FIG.15_ EQUAL AREA PROJECTION OF 520 POINTS OF P S] 
FROM SECTOR 11, SUB-AREA E. 
CONTOURS 2-3-4-5-6-7 PER CENT PER 1 PER CENT A R E A . 
FIG.16_ EQUAL AREA PROJECTION OF 28 POLES OF S2 
FROM SECTOR II SUB-AREA E. 
CONTOURS 2-3-4-5-6-7 PER CENT PER 1 PER CENT AREA. 
F(G.17._ EQUAL AREA PROJECTION OF 79 POLES OF BEDDING PLANES 
FROM SECTOR II S U B - A R E A F. 
CONTOURS 1 - 5 - 9 - 1 2 PER CENT. BROKEN LINES ILLUSTRATE 
(3 S i -DIAGRAM 
CONTOURS 2 - 3 - 4 - 5 - 6 - 7 PER CENT PER 1 PER CENT AREA . 
FIG. 18. EQUAL AREA PROJECTION OF 126 POLES OF BEDDING PLANES 
FROM SECTOR II, SUB -AREA G 
CONTOURS 1-4-8-12-15-18 PERCENT PER 1 PER CENT AREA 
r 
/ 
Cr/ 
FIG. 19^ EQUAL AREA PLOT OF 29 P O L E S OF AXIAL P L A N E CLEAVAGES 
FROM SECTOR I I SUB -AREA H. 
FIG 20._ EQUAL AREA PROJECTION OF 306 POINTS OF p S i 
FROM SECTOR II. SUB-AREA H. 
CONTOURS 2-3-A-6-8-10-12 PER CENT PER 1 PER CENT A R E A . 
FIG. 21 _ SYNOPTIC TTSi-DIAGRAM FOR SECTOR I 
CONTOURS 1 - 2 - 3 - A - 5 - 6 PER CENT J 803 POLES. 
FIG.22_ SYNOPTIC DIAGRAM OF 84 POLES OF S3 
FROM SECTOR I. 
CONTOURS 2 - 5 - 7 - 1 0 PER CENT PER 1 PER CENT AREA. 
FIG.23_ SYNOPTIC DIAGRAM OF 154 MINOR FOLD AXES 
FROM SECTOR 1. 
CONTOURS 1-3-5-10-15-20-22 P E R C E N T PER 1 PERCENT AREA 
FIG.2A _ SYNOPTIC S r DIAGRAM FOR SECTOR II. 
CONTOURS 1 - 3 - 5 - 7 - 9 - 1 0 P E R C E N T PER 1 PER CENT AREA, 
305 POLES 
Sub-area 'A' : Chanchalia, Pipra, Amlla and 
adjacent areas, west of Bijul 
nala. 
2. Sub-area 'B' North of Kaspani, Satichura, 
Gusari and adjacent areas, 
east of Bijul nala. 
3. Sub-area ^C Kunwar, Kenjuar, and adjacent 
areas south of sub-area 'A', 
west of Bijul nala. 
4. Sub-area Parsoi, Arangi, south of 
Amarxmia and adjacent areas, 
south of sub-area 'B', east 
of Bijul nala. 
Sub-Area U' :-
This sub-area forms the northwestern part of the 
mapped area, and comprises mainly phyllites, banded argillites, 
quartz-mlca-schists, banded-haematite-quartzites and brecciated 
quartzites. Field investigations reveal thdt the rocks of this 
sub-area form a major asymmetrical anticline. 
7tS3_ - diagram (Fig.8) shows two prominent 60% maxima, 
corresponding to the two tightly appressed limbs of the anti-
clinal fold with incipient n girdle whose pole plunges 4° 
towards S 80° W. From the disposition of TT Si - maxima the 
fold seems to be of an asymmetric type. 
jBSi -diagram (Fig.9) exhibits a 60% maximum, plunging 
10° towards S 80°W, which approximately coincides with the pole 
(p) of the 7T girdle (Fig.8) suggesting statistical homogeneity 
of the fabric with respect to p on the macroscopic scale, 
in incipient girdle is formed along the plane dipping 60° 
south. It is pres-omably due to the gentle cross folding on 
the limbs of the corresponding ma^or fold. The maximum 
plunge of small scale folds measured in the field is 4 5 C ® 
towards S 70°E (Fig.9, shown as crosses). But this plun.ge 
does not tally with the inferred plunge (^-maximum) of this 
sub-area. 
Sub-area *B' 
Banded argillites, phyllites, quartz-mica schists, with 
occasional thick layers of metasandstones, are found in this 
sub-area. The strike of the bedding is ENE to NE with moderate 
to steep dips. The lower dips, - 35° are found at the 
closures of the minor and large folds, 7t S^ -^diagram (Fig.10) 
of this sub-area shows two prominent maxima, corresponding 
to the two limbs of an asymmetric fold. In the central part 
of the 7t S^ -^diagtam the points are very scarce, indicating that 
the fold is fairly compressed. The majority of the bedding • 
surfaces in the northern limb of this asymmetric fold have 
steeper dips towards the south than the bedding surfaces in 
the southern limb. The distribution of the poles suggests 
an incipient subvertical girdle. The pole of this girdle 
strikes N 80°E with horizotital fold axis, and the direction 
is consistent with the axial trace of the major folds, as 
judged from the map (Fig.3a). Axes of the minor folds, observed 
osse-
in this sub-area, are plotted in B-diagram in figure 10 
(Shown as crosses). The strikes of the axial surfaces 
of these minor folds are essentially parallel to the axial 
trace of the major folds Hence m.ajor and minor folds are 
related and infersed to "belong to the same phase of deformations 
However, their plunges are steeper than the plunge of major 
fold, as indicated by B-diagram. 
Sub-area 'C';-
Rock types exposed in this sub-area are recrystallised 
limestones, metabasites and brecciated quartzites. Field 
investigations reveal that the more resistant quartzites 
are co-axially folded with other rock types, "n -diagram 
(Fig. 11) shov/s maximum concentration in the northern quadrant, 
which indicates, that the fold is nearly isoclinal and overturned 
towards the, north, witfi the.'aBci'al plajae dipping steeply towards 
"the soiltir; TKe~^iTtT^ut;i dh of "poles'Ijf ST" suggests at Ica'S't 
/ ' _ 
two intersecting and incomplete' girdles. But the pole of 
the best developed girdle is oriented 30° S70° W. Minor 
folds of this sub-area are diversely oriented and their 
axes'are plotted on equal area net as B-diagram (Fig.12). . 0 
It shows a prominent maximum of 13% plunging 40 towards 
the west. It approximately coincides with the pole of the 
n SQ_-girdle. A subsidiary maximum of 1% occurs all along the 
southeastern quadrant. A few minor folds also occur in the 
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southern quadrant. This change in orientation and the attitude 
of the minor fold axes may be due to the effect of gentle 
cross folding on the limbs of the ma^ 'or easterly plunging 
fold. Also, their orientation indicates that they belong 
to a late phase of folding. 
Sub-area 'D* 
In this sub-area a tightly appressed syncline can be 
traced, who se axis passes through the centre of the banded— 
haematite-quartzite ridge. Besides, the quartzites, limestones, 
marble, banded argillites, phyllites, metabasites are found 
in this sub-area. All the rock types are co-axially folded, 
as is evident from the structural data plotted on the map 
(Fig. 3b). n Si -diagram (Fig.13) is characterised by a 
prominent 31^ maximum in the northern quadrant, with an 
incomplete girdle corresponding to nearly an isoclinal fold, 
overturned towards the north. The great circle corresponding 
to this maximum indicates that the average axial plane of 
this overturned fold dips nearly 60° southwards. gSi-diagram 
(Fig.13, shoiAm as broken contours) is characterised by an 
ii?dined girdle approximately coinciding with the average 
axial plane inferred by 7t S]_-diagram. It, therefore, shows 
a prominent maximum of plunging 20° towards S 80°E. 
Several minor and large folds are exposed in this sub-area 
and plotted in B-diagram (Fig.14)^ which shows a maximum 
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concentration (Shovn as dots in the Fig.14) towards S 70°E, 
with a maximum plimge of 45°. Intersections of Si with S^ 
lineations (Lj) show maximum concentration (shown as crosses 
in the fig.14) in the same direction as minor folds. They 
overlap the 'B' concentration and hence they may be related 
genetically with the main 'Bj' folds. Some of the main folds 
and L^ -lineations, however, plunge through 15°-58° and 50" 
(in the case of Li) towards ¥ to WTW & S¥ respectively. A 
few minor folds and lineations plrnige towards the south. It 
clearly shows the obligue relationship with the main 
folding and seems t® he due to a different generatio-n 
Sector II ; 
This sector includ'es the entire southern part of the area, 
west of Rihand, including sub-areas E-H (fig.l5-?0). Closures 
of the major folds are not seen in this sector as well. The 
rock types are entirely phyllites and quartz-mica schists, 
often interbedded with sandstones. The following localities 
are included under each suD-area: 
Sub-area 'E' : Paprakhund, Karamsar, Adarakudar, 
Jurra ana Adjacent areas, west 
of Rihand river. 
Sub-area 'F' : Magardaha, Semerda, eas^ c of Kur-
kutia, and adjacent areas, west 
of the sub-area 'E'. 
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3, Sub-area.'G' : Sukra, south of Magardaha, Naya-
toia and adjacent areas, west 
of sub-area 'P* 
Sub-area 'H' : Soutn of Karamsar, Bakia, Kharar 
and adjacent areas, west of 
Rihand river. 
Sub-area 'E' :-
pS^-diagram (fig.16) is characterised by a maximum 
of 11^, plunging 12° towards S 80°E. p. axes are arranged 
in a girdle clipping 70° towards the south. It can be explained 
as due to a gentle cross folding on the limbs of the earlier 
fold. Tt Sp-diagrara (fig.16) indicates that the axial plane 
cleavages dip entirely towards the south, and hence all the 
poles of the cleavages are concentrated in the northern 
/ 
quadrant. The distribution of the poles of Sg cleavages 
indicates a single strong concentration associated with an 
incomplete and weak; girdle whose pole plunges 10° towards 
S 88°E. It closely matches with the pole of the TtSi-girdle. 
Sub-area 'F' 
The attituaes of the bedding observed in this sub-
area are plotted as poles of the bedding in figure.17. It 
is evident from the scatters of the poles in the diagram that 
there are two maxima in the north and south quadrants. Other' 
poles are associated with well defined girdles, whose pole 
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plxmges 9.0^  towards the west. pSi-dlagram (Fig. 17) defines 
a maxim-um of 1.2% plmiging 20° towards the west. It closely 
matches with the pole of the TT Si -girdle. The poles of the 
axes are arranged in a well defined girdle dipping 80° 
towards the south. This plane appears to represent the axial 
plane of the earlier folds. 
Sub-area 'G' :-
Poles of the bedding, plotted in TTSi-diagram (Fig.18), 
indicate two strong maxima of 18^ in the Borthern and southern 
quadrants of the diagram. They correspond to the tightly 
appressed limbs of the fold with steep dips, forming sub-vertical 
girdles with a sub-horizontal fold axis striking S 82°E» 
Poles of the axial plane cleavage (82) (asTTS^ diagram 
fig.19) show a single, strong maximum in the northern" quadrant, 
forming a sub-vertical girdle, whose pole lies S 73°E. 
Sub-area «H' :-
S^]_-diagram (Fig,2o) is characterised by a horizontal 
maximum of 19S striking W 80°E. An incomplete girdle is formed 
along the plane dipping 70° to 90° towards the south. 
Synoptic Diagrams : 
Synoptic diagrams of 7T Si- are prepared by plotting 
all the readings from the four sub-areas in each sector, i.e. 
sector I, includes sub-areas A-D and sector II includes sub-
areas E-H. , Synoptic diagram of TV Si of sector I (fig.c>i), 
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indicates tkat the poles of the bedding are arranged in 
incomplete girdle. The pole of this incomplete girdle 
plunges 19° towards S 88°E, corresponding to the early 
stage of folding. Poles of the slip cleavage (S3) from 
the entire area of sector I are sho-wn in figure 2P. Concen-
trations of their poles fall into two groups. Surfaces of 
the slip cleavage of one group strike N 50°¥ and dip steeply 
towards S 40°W; surfaces of the other group strike about 
N 10°¥ and dip moderately towards ¥ 10°S. These orientations 
clearly indicate that they are related to the later stage 
of folding, as evidenced by parallelism of these surfaces 
of slip cleavages with the axial surfaces of the late folds. 
The synoptic diagram of minor fold axes (Fig,S3) shows a 
prominent maximum of 33^ plunging 40® towards S 70°E. The 
orientation of these folds appears to be related to an early 
stage of deformation (B^ -folding), although their plunges 
vary in amount. Weak concentrations in the western and southern 
quadrants may be related to the late stage of deformation. 
Synoptic TV - diagram (fig.'^ 4) of sector II shows 
three maxima (9%) in the southern ana northern quadrants, 
corresponding to the two limbs of the asjrrametric fold. The 
pole of an incipient girdle plunges 12° towards S 84°E. Thus, 
the synoptic diagram of sector II exactly corresponds with low 
angle asymmetric plimging fold. 
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Age Relation of the Planar and Linear Structiires 
The relative age relationships used were : geometric 
relationships between two intersecting folds, folding and 
offset of one group of S-surfaces by other differently 
oriented S-surfaces and attitudes of the linear elements on 
the fold axes, 
' It was evident from the field ana the thin section study 
that bedding is cut by the axial plane cleavage and this, 
in turn, is cut and slightly offset by the slip cleavage 
that strikes approximately from N 46'^ W to N-S and dips 
moderately to steeply towards the southwest to vest, as 
stated earlier. Again wherevfer these two intersecting 
cleavages are found the axial plane cleavage is highly folded 
but the slip cleavage is straignt without being folded. 
Therefore, the latter must be younger tiBn the former. Such 
observations indicate that the rocks of the Parsoi area have 
undergone at least two or, more probably, three deformations. 
Similarly, folds belonging to the latest fleformation can be 
separated from the others formed by tne earlier deformation 
by the orientation of their fold axes. The minor folds that 
run nearly in an east-west direction are deformed by south 
to southeast trending folds. Their orientations indicate 
that south to southeast trending folds belong to a late phase 
of deformation, because the strike of the axial surfaces of 
-65-
tnese minor folds are parallel to tne axial plane of tHe 
nortn-south major fold near Kimwar. The axes of tne mihor 
folds obtained from the entire area of Sector I are plotted 
in. 
on figure 23. Where these minor folds fall/two separate 
areas on the projection, they suggest that these two differently 
oriented minor folds were formed probably during different 
phases of deformation. 
In sunimary the axial plane cleavages (S^), minor folds 
trending ME, ESE but plunging to eitner of the sides, 
as well as the major folds trending nearly in the east-west 
direction, and lineations were apparently the earliest 
structural elements developed in the area and accordingly, 
were synchronous in origin. Whereas slip cleavage (S3), 
minor folds trending nearly southeast to south in direction, 
pj:ucker lineations, and (L2) lineations are considered to be 
the latest structural elements present in the area. 
Relation Between Folding and Regional Metamorphism 
The Parsoi phyllites were regionally metamorphosed 
during the deformation (tectonite metamorphism) and is now 
in the low grade of greenschist facies. Two processes were 
principally involved in this metamorphism, i.e. one, mechanical 
granulation, and two, change in the mineralogieal assemblages. 
Consequently, a new mineral assemblage has resulted and possess-
es a distinct fabric in the more intensely folded rocks. 
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The s&ndstones show partial destruction oi' original 
structures and a considerably less pronounced axial plane 
cleevage. Also, being tiiick, they have suffered only partial 
mechanical granulation. On the other hana, pnyllites and 
basic sills are strongly deformed resulting in a complete 
obliteration of the original structure and in chan-ges in the 
mineralogical composition; especially in the latter rock type. 
During the main phase of folding, recrystallisation of muscovite, 
chlorite, and biotite nad taken place. This mineral assemblage 
apparently marked tiie completion of the metamorphic history 
in the region. 
Structural History 
During Parsoi sedimentation, different types of sediments 
were deposited as psammitic, pelitic, calcareous and ferruginous 
rocks. At the close of the period of sedimentation there was 
intense tectonic disturbance. Prior to and also after the fold 
movements there has been a large scale magmatic invasion, in 
different phases. The first phase represents highly basic 
magma, followed by a granitic magma. Granites are, nowever, 
not represented in the area surveyed, but they are found towards 
the south of the region and elsewhere. As a result of this 
granitic invasion the pre-existing rocks near the contact were 
penetrated by the magmatic liquid to give rise to the gneisses. 
There is, however, no evidence on the nature of the floor on 
which the sediments of the 'Parsoi phyllite' were deposited, for 
no where is it exposed. 
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From a systematic analysis of tfte structural data, it 
becomes clear tnat tne east-west -crending (Bi) folds, witn 
the axial planes steeply aipping towaras the south, were 
produced by subhorizontal compressive stresses in a north-
sbuth direction, with possibly a slight tendency towards a 
northward movement ( as overturning is towards the north). 
It is a well established fact, both on the basis of experi-
mental and theoritical studies, that the direction of maximum 
compressive stress lies in a plane niormal to the axis of a fold. 
(Biot, 1961, p. 1596-16P0; Biot, et al, 1961, p. 16'^ 1-1630; 
Currie, et aa, 1969, p. 655-674; Ramberg, I9to3, p. 484-505). 
When all the folds were considered together, the movement 
picture they present is consistent. The axial planes of these 
earlier folds show a fairly good preferred orientation. Thus, 
major structures were evidently produced by tne disturbances 
that were telated with those giving rise to the minor secondary 
structures. Leith (190&) showed that small scale structures 
are related to the major structural features. 
Subsequent change in the stress direction, nearly 
oblique to the former one, has produced westerly plunging 
folds on oblique axes (second generation) which superimposed 
on the earlier B]_ - folds. Axial planes of these folds are 
inclined, dipping steeply towards the south. The movement 
was sufficiently penetrative to produce related minor structural 
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features all over the area. Again, a subsidiary compressive 
stress during tte last stages, which acts nearly at right 
angle to the former one (Bp-folds) has resulted in gentle 
cross folding. Its axis runs nearly north=south direction. 
This might' be due to restricted transport along the axis of 
Bp-fold. Thus, all the movements which were responsible for 
the present structural configuration, appear to indicate the 
different phases of a single orogenic cycle. 
It is probable that Satpura Orogenic movement(?55 ± 40 m.y) 
was responsible for the folding in this area, because the 
regional strike of the study area is the same as that of 
Satpura trend i.e. M E - ¥SW (Krishnan, 1966, p.?!). Holmes 
(1955) is also of the opinion that " the Vindhyan Formation 
/ 
and their 'Purana* associates belong to Satpura cycle and 
the period or periods immediately following". 
The first cleavage (S2) is always fairly parallel to 
the axial plane in the corresponding folds as stated earlier 
and has, therefore, been undoubtedly produced in the plane 
normal to the direction of greatest compression. The develop- , 
ment of such axial plane cleavage in the layered rocks, accor-
ding to Cloose and Martin (1932) and Billings (1950), was 
due to flexural slip folding. On the other hand, Knopf and 
Ingerson (1938) have considered it to be due to shear folding. 
It appears, however, that earliest folds in the area are 
flexural slip folds and the development of axial plane 
cleavage was due to flexural slip mechanism. The following 
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lines of evidence are taken into consideration in favour 
of the flexural slip folding in early stage of deformation, 
1. T1b9 thickness of the individual competent bands 
is roughly constant both along and across the nose of the 
observed small scale folds (Plate IV, Fig.2). 
2. As the movement is considered to be flexural, exten-
sion has taken place along the bedding planes, thereby forming 
boudinage and tensional fractures. 
3. Sandstones being the competent layers, are folded 
into broad smooth folds, whereas interbedded phyllites being 
incompetent layers exhibit folding and crumpling comparatively 
on smaller wavelengths. This gives an evidence of flexural 
slip folding. 
4. Further disharmonic folding in large, intermediate, 
and small scales in the present area suggests flexural slip 
folding (Knopf and Ingerson, 1938, p.ieij Turner, 1948, p.?17). 
5. Coincidence of p-axes of bedding planes and axes of 
the minor folds in most of the sub-areas suggest flexural 
slip folding. 
But during the late stages of deformation, folds and 
their associated slip cleavage (S3) exhibit characteristic 
features of shear folding. 
Chapter - IV 
PETROGBAPHY & PETROGMESIS OF BASIC ROCKS 
A study of the petrography and mineralogy of these basic 
rocks indicated considerable variations in them. At one end, 
there are dolerites which have suffered no alteration and are 
almost entirely made up of augite and plagioclase and at the 
other end they are highly altered as a result of the uraliti-
sation of the pyroxenes and saussuritization of the feldspars, 
thereby forming epidiorites. The epidiorite rocks are, however 
unfoliated in nature. But the ffigtabasi'te rocks are generally 
foliated, due to the parallel orientation of amphibole minerals 
within the plane of foliation. Considering the petrographical 
and mineralogical variations, these rocks may be classified 
into the following types 
1. Epidiorites 
2. Altered dolerites 
3. Quartz-dolerite 
4. Metabasites 
The dolerite dykes are made up of fine to medium-grained 
rocks, having a dark grey to black colour. The epidiorite 
sills are dark green in colour in hand specimen. The green 
colour of the epidiorites is mainly due to an intense 
development of green actinolitic hornblende or uralite and 
chlorite. Texturally, the dyke rocks of the area may be 
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classlfled into (a) a fine-grained dolerite resembling 
basalts, at some places showing porphyritic texture, 
(b) medium-grained dolerite with typical ophitic and 
subophitic textures. 
The modal compositions of the quartz-dolerite, the 
altered dolerites and the epidiorites are presented in 
Table II. Mineralogy of these three rock types is also 
described hereunder. However, the petrography of the meta-
basites is described under a separate heading. 
Petrography 
Epidiorites: 
Epidiorites occur as sills near Dob and to the north 
of Pipra -willage. In thin sections they may be distinguished 
by the following characters:-
1» Plagioclase feldspars are changed completely into 
saussurite (under the environment of low-grade 
metamorphism) 
2» Iron ores are absent, 
3, The original texture is mostly obliterated. 
The epidiorites show variations in colour from pale 
green to dark green. The former type of rock contains abundant 
of 
minerals/epidote group with a few amphibole and chlorite. The 
latter, however, contains a considerable amount of amphibole 
minerals. For the former rock type, composed mainly of epidote 
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vrith minor amounts of hornblende, feldspars, chlorite, sphene, 
ealcite, etc., Flawn (1951) had suggested the name 'epidotite^, 
Francis (1958) and others prefer the name *epidosites' for these 
rocks and this term is now universally used in the literature. 
The epidosite is generally fine-grained, inequigranular 
and granoblastic, whereas the amphibole-rich variety is character-
istically medium-grained with porphyroblasts of hornblende. 
The latter, in some eases, also shows blasto-ophitic texture 
in which small crystals of epidote and albite (rare) are enclosed 
within the horablende. This indicates that the hornblende was, 
perhaps, derived from the pyroxene mineral and the epidote minerals 
from the plagioclase feldspars, Schistosity is completely absent 
in any of these rock tsrpes. 
Altered doleritest 
The dyke rocks of category 2 are fine to medium-gre^^I^ 
compact and dark grey in colour. In thin sections they are 
principally composed of plagioclase feldspars, pyroxenes, 
secondary alteration products and iron oxides. The plagioclase 
is intensely sericitised and kaolinized (Plate XII, Pig. 1) 
but only a few pyroxene crystals show alteration to uralite 
and chlorite. Discrete grains of epidote are fouiid in the more 
altered dykes. Thus, in general, plagioclase feldspars have 
suffered more alteration, in comparison to pyroxenes. However, 
even after alteration, the feldspars continue to retain their 
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original crystal outline. The dykes of this category show 
very little variation in their mineralogieal composition, 
as -well as in the type of alteration products, but differ 
in the degree of alteration. 
The dyke rocks generally display snb-ophitic texture 
(Plate XII, Fig. 2) in which feldspar laths are partially 
enclosed in pyroxene crystals. In some cases a typical 
ophitie relationship is also seen (Plate XII, Fig.3). 
Plagioclase feldspars occur both as euhedraland as subhedral 
grains. 
Quartz-dolerite; 
A quartz-dolerite rock is a medium-grained, greyish 
black rock with ophitie to sub-ophitic texture in thin section. 
The marginal portion of the dyke is fine-grained with porphyritic 
texture (Plate XII, Fig.4). The average grain size of the fine-
grained portion is 0,15 mm, and the average lengths of plagio-
clase and pyroxene phenocrysts are 2.1 mm and 1,7 mm respectively. 
The middle part of the dyke is medium-grained. The average 
grain size of the non-porphyritic medium-grained rock is 0.5 mm. 
Quartz-dolerite is also principally composed of plagioclase 
feldspars, pyroxenes (including their alteration products) and 
iron oxides. 
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Mineralogy 
Plagloclase feldspars; 
In the epidiorites, feldspars are usually absent, 
except for a few grains of albite« In other rocks, plagio-
clase feldspars occur as laths and plates. Almost all the 
grains show polysynthetic twinning in the quartz-dolerites 
and also in the unaltered parts of the altered dolerites. 
The twin laws have been determined on 28 plagioclase grains 
of the quartz-dolerite using-the 4-Axis Universal Stage accor-
ding to the Reinhard's method (Naidu, 1958), In other varieties, 
the majority of the feldspars are invariably altered and their 
optical properties are difficult to determine. However, the 
twin laws and the anorthite contents of the grains were deter-
mined wherei!!er possible. Twin lamellae are generally broad 
and even, but in some of the plagioclase grains they exhibit 
thin, narrow and uneven twin lamellae. According to Donnay 
(1943) and Gay (1956) the broad and even twin lamellae are 
characteristic of basic feldspars. Twinning according to the 
albite law and the albite-Carlsbad law is common, whereas 
those under albite-ala, pericline, albite-Carlsbad-pericline 
laws are observed occasionally. Inter-penetration twins are 
also observed. Twinning on albite-ala law is not represented 
in the altered dolerites. As suggested by Coulson (1932), 
it is perhaps due to the absence of plagioclase intermediate 
in composition between oligoclase and andesine. 
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It is seen from table III that all the types of 
twinning, normal, parallel and complex, are represented 
in these rocks, particularly in the nnaltered dolerites. 
It is also clear from this table that twinning on albite 
law is more common. The proportion of crystals with normal 
twins, in the unaltered dolerites, as compared to those with 
complex twins is 40^ and generally speaking (010) as the 
twin plane, is more common than (001) and (021), 
Anorthite content varies from 56% to 60% in quartz-dolerite 
and 40$^  to 80^ in altered dolerites. - This suggests feldspar 
to be of labradorite composition in the quartz-dolerite and 
of the andesine to bytownite compositions in the altered 
dolerites respectively. Slight variations observed in the 
anorthite content of twin individual lamellae within the same 
grain is probably due to the fact that the primary zonal 
structure has been obliterated by secondary twinning (Emmons 
and Gate, 1943; Ekmnons and Mann, 1953). 
The majority of the plagioclase grains in the quartz-
dolerite show remarkable freshness and compared to other 
dyke rocks only a minor amount of plagioclase feldspars is 
feebly sericitized and kaolinized. Innumerable apatite 
inclusions occur in some of the plagioclase feldspars of 
the quartz-dolerites (Plate XIII, Fig. 1). Highly decomposed 
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feldspar crystals are represented "by a mixture of aggregate 
minerals like sericite, epidote, zoislte and calcite (aaussu-
rlte) particnlarly in the altered dolerites and the epidio-
rites. 
The most characteristic feature of qimrtz-dolerite is 
the occurrence in them of some interstitial micropegmatites 
(Plate XIII, Fig.2). However, these micro-pe^atites form 
a small part of the total volume of the rock. The micro-
pegmatite patches appear to have been formed by the inter-
growth of quartz-plagioclase feldspars. But the type of 
the plagioclase feldspar is difficult to determine. 
Pyroxenes: 
The next important and prominent mineral is pyroxene 
in both unaltered and altered dolerite rocks. On the other 
hand, pyroxenes are completely absent in the epidiorites. 
Only the clino-pyroxenes of the varieties augite and pigeo-
nite are represented here. They always occur as idiomorphic 
crystals as almost square and stumpy prisms with distinct 
cleavages on (110) and (010). A few of the grains of augite 
are frequently twinned on (100) in unaltered dolerite dykes. 
Sometime the pyroxenes ophitically enclose laths of plagio-
clase feldspars. They are generally fresh, but a few grains 
are altered to uralite and chlorite along the edges. Pyroxenes 
also display wavy extinction in some of the grains. This may 
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be due to meohanical straining on the grains. 
The optic axial angle of one variety of pyroxene 
varies from 30° to 35°, and the extinction angle (ZAC) from 
30° to 40°, indicating that they are of pigeonitie type. The 
o 
and the extinction angle (ZAC) from 40° to 54°, indicating 
augite composition. In this classification the author has 
other variety shows optic axial angles (SV^) of 5S° to 60° z 
adopted the suggestion by Hess ( 1 9 4 1 ) in that all the psrroxenes, 
with optic axial angles below 32^, be grouped under pigeonite 
and those above 40° under augite. 
Biotitet 
Biotite is found as a primary mineral in all unaltered 
dolerites, sometimes, in fact only rarely, altered at the 
short edges to chlorite. It is probable that the residuum 
of the magma, rich in volatiles in the late phase of crysta-
llisation, reacted with the earlier crystallised ferromag-
nesians resulting in biotite. The crystals arfe perfectly 
euhedral in shape, with pronounced pleochroism X-straw yellow, 
Y=Z= deep brown. On the other hand, biotite occurs as a 
secondary product in epidiorites and is characterised by . 
deep green colour and less pronounced pleochroism. Biotite 
in epidiorites is associated generally with chlorite and 
hornblende. 
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Hornblende; 
Hornblende in the epidiorites is strikingly 
different in appearance from that in the altered dolerites, 
described earlier. In the epidote-rich variety, the 
mineral is in fine shreds, whereas in the other variety 
it invariably shows twisted and bent prismatic crystals. 
The undulose extinction is mostly connected with bent 
crystals, and it is interesting to note that the more 
epidotized variety has, as a rule, lighter and less pleo-
chroic hornblende. In a strongly epidotized rock from 
Dob, hornblende is very pale green in colour and possesses 
faint pleochroism. The pleochroie scheme is as follows: 
X = pale green, Y = Z colotirless to pale yellowish greeii. 
Extinction angle, measured with reference to cleavage (C^Z), 
is 15° + 2°. Thus, the amphiboles are pale green hornblendes, 
typical of the rocks of greenschist facies (Wiseman, 1934; 
James, 1955). The hornblendes have replaced the pyroxenes 
so completely that no relics of pyroxenes are noticed. In 
a few cases pjrroxenes are altered to a mat of fibrous variety. 
The hornblende and actinolitic hornblende are frequently 
associated with each other. Their prismatic sections are 
characterised by one set of cleavage. The hornblende is 
seen at places enclosing epidote, sphene and occasionally 
small albite grains in epidiorite, indicating relict ophitic 
texture (Plate XIII, Fig. 4). 
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Bpldote minerals: 
The epldote group of minerals is represented by 
pistaeite, clinozoisite, and zoisite. They are abundant, 
particularly in the epidosites. Zoisite and clinozoisite 
are colourless, while pistaeite displays canary yellow 
colour with faint pleochroism. Some of the grains of 
zoisite show anomalous blue-grey or yellow-blue inter-
ference colours, whereas clinozoisite shows order 
gray and yellow polarisation colours. The latter is 
characterised by oblique extinction, the angle generally 
varies from 10° - 12° and the former one is characterised 
by straight extinction, Epidote minerals, in some cases, 
have distinct one directional cleavage. 
Chlorite: 
Chlorite shows dark green pleochroism and a pronounced 
birefringence indicating highly ferruginous nature. It is 
probably prochlorite. Sometimes forming porphsrroblasts, 
it encloses many well defined euhedral crystals of epidote, 
suggestive of a blasto-ophitic texture (Plate XIII, Fig,3). 
However, a lack of relics of inosilicate minerals makes 
it impossible to be definite about the origin of this 
mineral, 
Sphenet 
Sphene is a common accessory mineral in the epidiorites. 
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It is brotmish in colour with very high relief. It shows 
different shades of brownish pleochroisia colomrs, and 
occmrs in association with epidote and hornblende, often 
superimposed over them. 
Q-uartz s 
A few grains of quartz are sometimes present in 
epidiorites, in anhedral form, with strong undulose extinc-
tion. In some cases, they show sutured-quartz contacts. 
Calcite: 
A few large crystalline calcite grains are observed 
in the epidiorites, occurring to the north of village Plpra. 
The mineral is characterised by its two directional rhombo-
hedral cleavages, glide twinning and twinkling. 
Secondary minerals; 
Secondary minerals are mostly formed by deuteric 
alteration of the primary constituents of the rocks. 
Sericitization, kaolinization and saussuritization are 
strong and extensive in some of the altered dolerites. 
Sericite minerals form irregular flakes, and in most eases, 
they are oriaited randomly in plagioclase laths. 
Delicate fibrous aggregates of secondary minerals 
'uralite* are also observed. They form at the margins 
or at the ends of pyroxene minerals. Pale green chlorite 
with faint pleochroism is another important secondaiy mineral, 
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oecurring in ab-undance. It, thus, shows close similarity 
t© clinochlore. 
Opaq-ge minerals: 
Opaques are represented by eqnidimensional granulesj 
which may be square and idiomorphic. In some of the sections 
these minerals are represented by granules, normally associated 
with, and partly enclosed within, augite, chlorite and also 
plagioclase feldspar laths, indicating earlier crystallisation. 
Opaque constituents, occurring sometimes as parallel lines 
or bands of skeletal nature, may be only of ilmenite. Inter-
growths of magnetite and ilmenite are also seen, but ilmenite 
is seldom altered to leucoxene, 
Metabasites 
The most prominent green coloured, amphibole-bearing 
mass is undoubtedly of igneous origin; but is now completely 
metamorphosed. It is compact though not very hard, and 
contains, at places a number of vesicles and scoriae generally 
infilled with calcite. One of the best examples of the 
vesicular and typical basaltic texture within the part of 
the main amphibole-bearing mass is represented by the 
exposure in the nala bed at Parsoi, with completely drawn 
out vesicles infilled with calcite (Plate VII, Fig.4), It 
can be recognised in a majority of the specimens, and results 
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in effervescence with dilute hydrochloric acid» A major 
part of the formation is fine-grained, and medium-grained 
rock is rare. The original structure of the lava flows 
is generally obscure. 
Petrography: 
Rocks are generally fine to medium-grained. In 
thin sections some of them show fairly good schistosity 
due to the development of green hornblende, aligned ^parallel 
to the plane of sehistosity (Plate XI7, Fig.l). Others 
are massive and coarse-grained with big idioblastic crystals 
of green hornblende. In most of the rocks a crude schis-
tosity is often discernible, but no relict structures of 
the volcanic rocks are preserved. Only in this sections 
of th'^'kgglomera.tic trap'^ clear basaltic textures are 
seen (Plate XI7, Fig.4). Nematoblastic texture is seen 
in some of the sections composed largely of fibrous actino-
lite, aligned in parallel arrangement (Plate XIY, Fig.g). 
In a few thin sections a typical porphyroblastic texture 
is observed, where large actinolite crystals lie in a fine, 
fibrous, actinolitic groundmass (Plate XIV, Fig.3), 
The essential minerals of these rocks are green 
hornblende, fibrous actinolite, sphene, ilmenite-magnetite, 
and calcite (occasionally high in some of the cases). From 
the study of tnin sections of the metabasites it was observed 
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that there was no "uniform variation in the mineral types 
mentioned above. Instead there was observed a predominance 
of certain minerals, whereas others were found either 
absent or very poorly represented. ThuS) the majority 
of these rocks are composed of abnndant actinolite with 
or without albite, epidote, and calcite. Others contain 
much calcite with green hornblende along with the epidote, 
albite and actinolite in minor amounts. Plagioclase, 
biotite, chlorite, and quartz occur in subordinate amounts. 
Five thin sections of the metabasite rocks were analysed 
for modal composition and the results are given in Table II. 
Mineralogyt 
Amphibolest-
Three varieties of amphiboles, actinolite, blue-
green hornblende and colourless tremolite are recognised 
on the basis of pleochroism. 
Actinolite commonly occurs as needle-like prisms 
and in fibrous aggregates. It is weakely pleochroic with 
X= colourless, Y = pale green, Z = pale bluish green. 
Actinolite is most widespread in some of the thin sections 
showing nematoblastic texture (Plate XIV, Fig.2). The 
crystals of actinolite generally range in length from 
0,1 to 0.3 mm, and are characteristically developed in 
the fine-grained variety. It shows good relief and a set 
of perfect cleavage parallel to long dimension. Extinction 
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is oblique, ZAC earying from to 18®. Actinolite is well 
developed in schistose amphibolites. 
Tremolite is not common. However, it occurs as needle-
like prisms, which are colourless and non-pleochroic. 
Green hornblende is very common, especially iii the 
medium-grained rocks and occurs as elongated prisms, aligned, 
in some cases, parallel to the plane of schistosity, ,withi.a 
length-to-width ratio of 3 to 5. Prismatic'hornblende is 
typically coarse-grained and strongly pleochroic with the 
following schemes: (i) X = pale green, Y = green, Z = dark 
green; (ii) X = pale yellowish green, Y = yellowish gre^, 
Z = blue green. 
Absorption scheme Z>Y?-X 
Differences in pleochroism are most probably due to 
differences in composition. The mineral is optically negative 
with a large optic axial angle ( 2V = 76°), extinction angle 
(Z C) varying from 13° to 22°. The optical characters are 
similar to those of common hornblende, and the recrystallisation 
has lead to the development of perfect crystal outlines. The 
degree of schistosity depends upon a relative abundance of 
amphibole minerals. Large prismatic crystals of hornblende 
exhibit clear and sharp outlines, but occasionally with sieve-
structure with inclusions of untwinned plagioclase feldspar 
and calcite. 
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These characters indicate relic ophitic texture. On 
the other hand, actiholite is intimately associated with 
plagioclase in the fine-grained variety. At places horn-
blende is mantled with brown biotite, suggesting a replace-
ment structure. 
The most striking feature of these rocks is the 
paucity of feldspars. According to Eskola (1914, p.129), 
the amphiboles of amphibole-rich rocks, that are poor in 
feldspars, are highly aluminous. He has pointed out further 
that hornblende crystals are "formed by the reaction between 
pure ferromagnesium silicates and anorthite must enter into 
the composition of the resulting hornblende". The hornblende, 
in some of the thin sections occur as porphyroblasts. 
Biotite? -
Biotite is sporadically distributed. Locally some-
times it may even be abundant. The deep brown colour is one 
of the characteristic features of these biotites, parti-
cularly of the fine grained schistose amphibole rich rocks. 
Light brown and occasionally green biotite crystals also 
occur, but relatively in minor amount. The observed colour 
of biotite depends either on FeO:MgO ratio (Winchell,1951, 
p. 375), or upon the TiOg content of biotite (Hall, 1941). 
The latter view was supported by Hayama (1959) who stated 
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that " the colour of the blotite is mainly controlled by 
the Ti02 content of the mineral and to a lesser extent by 
the FOgOg/FegOg + FeO ratio". Tilley (1926, p.40) suggested 
that changes in the colours of biotite were related to 
the grade of m^tamorphism. Biotite, occurring in these 
rocks, owes its colour apparently to the iron content and 
to the grade of metamorphism. This view is substantiated 
in thin sections by the wide distribution of large amounts 
of small granules of sphene outside the biotite mineral, 
but not in association with the biotite mineral. This may 
indicate that TiOg is not associated with biotite. 
Biotite also occurs in the form of streaks or in 
patches? sometimes filling the cleavage planes of calcite 
and intimately associated with iron ore and chlorite. Inci-
pient biotitization is also observed along the strain-slip 
cleavages. The mineral is pleochroic with X = pale yellowish 
brown, Y = Z = deep brown. 
Chloritet-
Chlorite occurs in the form of streaks characterised 
by pale green to dark green colour and with interference 
colour from ultrablue to almost isotropic. 
Plagioclase Feldspar:* 
Plagioclase is more sodic in these rocks. This is only 
to be expected in epidiorites derived from basalts. The 
composition of these feldspars is difficult to determine 
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as the crystals are small. Their composition was, accordingly, 
determined by Michel Levy* s equal extinction angle method. 
Most of the grains are Tjntwinned, A few grains are singly 
twinned, ^ e extinction angle on (010) zone varies from 
12° to 18*^  indicating that the feldspars are of albite compo-
sition. Barely, the extinction is as high as 2?!° thereby 
suggesting the presence of andesine. The plagioclase content 
of these rocks is significantly low, and thus, they conform 
to the low grade of metamorphism of epidiorites. In some 
cases feldspars are not seen at all, 
Galcite:-
Calcite is common in almost all these rocks. It is 
usually colourless, crystalline and possesses perfect rhom-
bohedral cleavages. The grains are generally medium-sized, 
with interlocking texture. Also, calcite crystals shew , 
symmetrical extinction with polysynthetic twinning and are 
optically uniaxial negative, 
Sphenet-
Sphene forms aggregates of small grains, widely 
distributed in some of the thin sections and occasionally 
superimposed over hornblende and calcite. However, in the 
majority of cases it is only in small amounts and is not 
altered. It is brownish in colour, has high relief, and 
shows distinct polarization colours. 
-88-
Qnartz:-
Quartz is rare, when present it is as fine/grained 
granulesj normally associated with albite, hornblende 
and chlorite. 
Opaques:-
Magnetite and ilmenite cofistitnte the opaques in thin 
sections of these rocks. However their amount varies 
considerably from specimen to specimen. They occur either 
as granules or as perfect cubes. In reflected light, in 
thin section^ magnetite is characterised by black colour, 
whereas, ilmenite shows a violet-black sub-metallic sheen. 
Petrochemistry 
Four basic igneous rocks have been chemically analysed 
and the results of the chemical analyses are presented in 
Table IV, together with the analyses of Deccan Traps 
(Washingtoi?,19?2, p«774), of the Cuddapah Traps (Vemban, 
1946, p.362) and the Newer Dolerites of Bihar and Orissa 
(Iyer and Roy, 1946), The analyses of the Mull magma series 
(Bailey, ^ al., 1924, s ^ Barth, 1962, p.182) are also 
presented side by side with the above analyses. In Table V 
is given the normative compositions of the analysed rocks 
of the Parsoi intrusives. The liggli values and Wiggli bases 

TABLE ~ V Normative composition of analysed basic intrusive 
rocks of the Parsoi area 
C.I.P.¥. Norm 
Q - 3.8 1.08 
or 12.79 19.46 1.67 21.13 
al " 9.43 16.77 5.76 23.35 
an 30.86 21.68 36.42 18.9 
Fel 53.08 67.91 43.85 63.38 
wo 6.61 3.71 13.69 4.76 
en 3.4 . 1.9 11.2 2.© 
fs 3.0 1.72 0.79 2.77 
Di 13.01 7.53 25.68 9.53 
en 12.1 4.2 1.2 5;9 
fs 10.43 3.66 0.13 7.26 
Hy 22'. 53 7.76 1.33 13.16 
fo 0.98 7.66 - -
fa 0.82 7.14 - -
01 1.80 14; 70 - -
mt i;62 4.18 12.53 6.96 
il 3.04 3.19 3.19 3.19 
ap 2.02 2.69 3.34 2.35 
cc - - 6.8 -
Fel = Feldspar; Di = Diopside ; Hy = Hjrpersthene; 01 = 
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are given in Table VI. The chemical analyses (Table lY), 
reveal a fair vnifoTmitj in chemical composition in the 
doterites (Sp. Nos. 1 & 2). However, a marked variation 
in MgO and SiOg in the quartz-dolerite dyke (Sp.No,4) is 
seen when Compared to the above dolerite dykes. In contrast 
to the dykes (Sp. Nos. 1,2 & 4) the sill (Sp. No.3) is 
characterised by low Si0p(less than 40^) and high CaO content 
(more than 1B%), Another remarkable difference is a high 
Na/K ratio and a low Mg/Ca ratio, as given below: 
D y k e s S i l l 
Sp. Nos. 1 2 4 3 
Mg 4.03 4.05 1.90 2.77 
Ca . • 7.43 5.42 5.20 13.44 
Mg/Ca... 0.54 0.74 0.36 0.20 
Na ... 0.84 1.51 1.92 0.50 
K ..'. 1.91 2.70 2.99 0.24 
Na/K ... 0.44 0.56 0.64 2.08 
It wonld be seen that the chemical analyses of altered 
dolerites (Sp. Nos. 1 & 2) are almost similar to the average 
normal Mull magma series at 47^ SiOg given in the Table 17, 
whereas analysis of the quartz-dolerite dyke (Sp. No.4) 
bears a closer similarity to the Non-porphyritic Central 
Type of Mull magma at 50% SiOg (Bailey ^ al., 1924 see 
Earth, 1962, p. 182). 
TABLE - YI Molecular valmes and molecular base values of 
analysed basic rocks according to Figgli. 
1 2 3 4 
NIGOLI MOLECULAR VALUES 
si 110 106 79 126 
al 21.1 19.8 17.6 22.6 
fm 39,8 48.4 39.1 41.1 
c S5.8 18.6 39.7 19.8 
alk 5.7 9.2 1.6 12-. 2 
ti 2.77 2.8 2.5 3.2 
P 0.83 1.09 0.48 1.07 
k 0.66 0.52 o;2l 0.47 
mg 0.53 0.48 0.06 0.46 
NIGGLI BASE VALUES 
Q 25.6 30.65 23.18 29.8 
Kp I2i24 8.1 1.1 14.2 
Ne 11.2 6.3 4-. 02 15.6 
Cal 13.6 19.6 23.9 3.3 
Cs 5.07 6.6 17.9 10.4 
Fs 3.1 1.05 9.8 5.7 
Fo 14.7 14.7 11.3 8.8 
F« 13.27 n.9 7.6 11.9 
Ru 1.22 1.1 1.2 1.3 
Groups 
Q 25.6 30.65 23.18 29.8 
L 37.04 34.0 29.02 33.1 
H 37.36 35.35 47.8 37.1 
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Variatlon diagrams: 
For the purpose of the present discussion four 
variation diagrams(Figs. 25,26,27,28) are presented which 
give differentiation trends of the Parsoi magma. Fig,25 
has been plotted with MgO, total FeO, and KoO + WagO as 
the variables. The trends of other basalt series, along 
with the Parsoi intrusives analysed, are also shown for 
comparision. The FMA plot shows that the Parsoi trend 
closely follows the trend of Hawaiian alkali series. 
Tilley (1950, p. 42) has differentiated the alkali 
\ 
basalts from the tholelites by plotting the sum of weight 
percentages of K2 0 + Na20 against the total SiOg. The 
silica-alkali diagram for the rocks of the Parsoi intrusives 
is given in figure 26, in which plotting of Sp, No. 3 has 
been omitted because of its low percentage of silica (less 
than 40^). It shows that all the points fall in the alkali 
basalt series. Parsoi basic intrusives have, therefore, 
been identified as alkali basalts. 
Murata (1960) has presented the variation diagram 
for basaltic rocks in which the weight percentage of MgO 
is plotted against the ratio of Al/Si (atomic proportions) 
and has demarcated the boundaries for the tholeiite series 
and the alkali basalt series by plotting the chemical 
analyses of several igneous suites. The analyses of rocks 
of the area under review have been plotted in the Murata's 
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variation diagram, and show that all the points fall in 
the alkali basalt series (Fig. 27). 
Thornton and Tnttle (1956) suggested the variation 
diagram for igneous rocks in which the differentiation 
indexfsum of the normative percentages of quartz, ortho-
elase, alMte, nepheline, leueite, and kalsilite) are plotted 
against the weight percentages of various oxides. The concept 
of differentiation index is based upon the experimental 
studies in the crystallisation behaviour of silicate melts 
as revealed by the petrogeny's residua system of Bowen and 
hence it is an ideal quantity for illustrating the variation 
in the chemistry of the rocks. Wot more than three normative 
minerals - quartz, orthoclase, and albite - are present in 
any given norm and hence the differentiation index is simply 
the sum of the normative percentages of the three minerals. 
Differentiation index versus oxide contents diagram (Fig.28) 
for the rocks of the Parsoi iritrusives indicate that they 
belong to the middle and late stage basalts. 
The alkali-lime index from variation diagram of 
Peacock (1931) is ^50.6 with NagO + K2O = CaO = •6,4, 
placing the suite in the "alkali series". The value of index 
obtained lies very close to the division line between alkalic 
and alkali-calcic series. 
From the Rittmann serial index (1960) (Table IV) it 
appears that there was transfer of alkalis towards the top 
of magma reservoir. 
Petrogenesis 
Quartz-dolerlte and Altered doleritest 
The petrochemical and petrographieal studies of 
the basic intrusive roeks described from the present area, 
indicate that they are the products of crystallization of 
basaltic magma, slightly undersaturated with respect to 
silica. Chemically, as pointed out earlier, they are 
closely similar to the plateau tjrpe Mull magma, quoted 
by Bailey (1924, aeeBarth, 1962, p. 182). The potassium 
content of the dolerites is, in general, above normal. 
However, such high potash contents in dolerites are rather 
rare, although have been reported by Roy (1969, p.98) from 
southwest of Jagannathapur, Singhbhum district, Bihar, He 
suggested two possible explanations for the high content 
of potash in these rocks. According to him " it is possible 
that in the course of magmatic differentiation the normal 
basaltic magma produced trachytic fractions which failed to 
form separate trachytic flows (no trachyte is found in this 
region). These trachytic fluids permeated into parts of the 
crystallizing basaltic rocks giving rise to high potash 
contents for the latter. Alternatively, the local high 
potash content of the basalts might have been due to assimi-
lation of fragments of granite picked up by the basaltic magma 
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during its ascent through the underlying Slnghbhum granite". 
However, it is considered that the high potash content in 
the dolerites of the present area may not "be due to the 
reasons ascribed by Roy, for the available evidence suggests 
that the high potash content in these rocks is perhaps due 
to the abundance of highly sericitised feldspar content. 
The abundance of sericite, in most of the thin sections 
studied, suggests that potassium was brought into the 
dolerites in deuteric solutions producing metasomatic effects. 
Tnis type of alteration is characterised by irregular 
sericite flakes and their lack of orientation in the plagio-
clase crystals. It is believed that the later products 
of differentiation in the magmatic chamber are the source 
of potassium. Moreover, it is possible that on account 
of the neutral chemical character of the metasomatic solutions, 
an intense saussuritisation of feldspars could not take 
place. 
/ 
The quartz-dolerite apparently originated as a late 
fraction of the parent basic magma. This is supported by 
the study of the texture, structure, and the mineralogical 
variation of the rocks, as seen in thin sections. Thus, 
the quartz-dolerite of this region shows the presence of 
micropegmatitic intergrowth between quartz and plagioclase 
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feldspar. Turner and Verhoogen (1951) suggested that the 
occurrence of micropegmatitic textures in quartz-^dolerite, 
/ 
as also in flood basalts, is due to the congealing of the 
acid residuum resulting from the fractional crystallisation 
of basaltic magma. The atomic weight proportions of mafic 
index 100 (Fe^ + Fe"*"^ ) / (Mg + Fe"*"^ ) and felsic index 
100 (Na + K)/ (Ca + Na + K) calculated for quartz-dolerite 
dyke are 84 and 48,56 respectively (see Table IV). ¥hen 
plotted in the differentiation diagram after Simpson (1954) Green & 
as modified by/Poldervaart (1958), the values fall in the 
field of late stage basalts. This further supports the view 
that the quartz-dolerite is a later fraction of the parent 
basic magma. The abundance of apatite needles, as inclusions 
in ths big laths of the plagioclase feldspars in the quartz-
dolerite are a result of the actions of volatiles which were 
associated with the acid residuum of the basic magma in the 
later stages of crystallization. Also, the volatile components 
were sufficient to make possible the crystallization of late-
magmatic araphibole along the edges of the pyroxenes, parti-
cularly in the quartz-dolerites of the present area. Crook-
shank (1936, p.304) has reported the occurrence of quartz and 
micro-pegmatite from the Deccan trap sills of the northern 
slope of Satpura and pointed out that they are the last part 
of the magma to crystallise from the Deccan trap sills. 
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This petrographic study reveals that the Gantral part 
of the quartz-dolerite is coarse grained when compared with 
the marginal part of the same dyke. Also, the latter is more 
basic than the former. This would suggest that the marginal 
parts cooled rapidly and hence the number of centres of crys-
tallisation of pyroxenes, owing to the strong over cooling 
of the melt and its low viscosity, was very large. It is 
also possible that some diffusion of the Mg-ions from the 
central part of the dyke to its marginal parts had taken 
place. This could have led to the development of more pyro-
xene along the margins, and hence this part was more basic 
than the central portion. 
For a very considerable time there was apparently 
simultaneous crystallization of plagioclase and pyroxene. 
This is evidenced by the dominant occurrence of subophitic 
texture both in the quartz-dolerite and the altered dolerite. 
However, for a very limited time there was earlier crysta-
llization of plagioclase feldspar. This view is substantiated 
by the large plagioclase phenocrysts with sharp crystalline 
outlines and the ophitic texture. That the pyroxenes started 
crystallizing when suitable conditions of temperature were 
reached for their formations and enclosed the already avaiable 
plagioclase feldspars, giving rise to ophitic texture. The 
period of crystallization of feldspars was continued to the 
last. This suggested by the fact that some of the feldspars 
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in the quartz-dolerites envelope apatite. On the other hand, 
the augite crystals in the dolerites never enclose any crys-
tals of apatite, thereby indicating that augite had almost 
ceased to develop before apatite "began to crystallise. 
An attempt is made here to determine the tjrpe of 
parent magma responsible for the basic rocks of the Parsoi 
area, even though it is necessary to emphasise that available 
evidence is inadequate to lead to a final solution of the 
problem. The alkaline olivine oasalts and tholeiitic basalts 
apparently represent two different parent magmas, and on 
differentiation, give rise to two different rock suites. The 
former, on differentiation, gives rise to trachytes and the 
latter gives rise to quartz-dolerites. The mineralogical 
composition together with the texture and chemical composition 
of the basic rocks from the present area of investigation 
suggests that these rocks show the characteristics of the 
tholeiitic basalts as well as alkaline olivine basalts. Thus, 
the complete absence of modal olivine, the high value of 
normative hypersthene, in the three analysed dolerites, and 
micropegmatitic textures indicate a tholeiitic parent magma, 
(Tilley and Muir, 1962; Coombs, 1963; s ^ Wilkinson, 1968 
p. 168). But the chemical analyses of these rocks plotted 
on FMA'diagram, the silica-alkali diagram, and the Murata 
diagram, do not agree with the above mentioned nature of 
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parent magma. Turner and Yerhoogen (1962, p.205-209) pointed 
out that in certain cases a transitional relationship, instead 
of a sharp line, exists between the two magmas. It is quite 
possible that the composition of parent magma lies somewhere 
between alkalic and alkali-calcic series of Peacock (1931). 
The mobilization of alkalic contents to higher levels within 
the magma reservoir during differentiation at depth, as well 
as the addition of alkalis through deuteric solutions might 
have brought about enrichment in alkali contents of the Parsoi 
dolerites (Sp. Nos. 1, 2, 4). The operative mechanism which 
might bring about such differentiation has been discussed by 
Frederick Walker (1958, p.9). According to him "Each settling 
crystal or crystal aggregate causes upward displacement of an 
equivalent volume of the rest-magma. Since the settling minerals 
are anhydrous and free from alkalis this results in an unward 
movement of alkalis and volatiles which become concentrated 
in the higher portions of the intrusion below the upper chilled 
phase". This may also explain to some extent the dual nature 
of the dolerites inferred from their petrography, normative 
minerals and variation diagrams. It is also possible that 
some amount of assimilation along with the metasomatism of 
the wall rock might have responsible for some of the abnormali-
ties observed in the chemical analyses. However, no clear 
cut field evidence is available to support this view. 
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Epidiorites and Metabasitest 
The most characteristic feature of the epidiorites is 
the large scale aaussuritization of feldspars and uralitization 
of pyroxenes. Wiseman (1934) described this feature in the low-
grade epidiorites of the central and south-west Highland, and 
ppinted out that under the low grade metamorphic conditions 
" the anorthite molecule of the original plagioclase feldspar 
is partially or wholly used up in the production of hornblende 
and chlorite from the original pyroxenes. Generally, however, 
some of the molecules come out as epidote". Miyashiro (1968, 
p.822) has also pointed out that the epidote mineral in the 
saussurite resembles anorthite in chemical composition and 
behaves as a substitute for the anorthite molecule in the low 
grade metamorphic rocks. The large amounts of epidote and 
zoisite, which have been developed at the expense of the feld-
spars, as well as the relatively high proportion of lime (18^) 
in the analyses of epidiorite ( Sp.JTo.S see Table IV), make 
it appear that plagioclase was originally highly calcic 
in composition. The epidiorite analysis gives quartz (3.6^) 
in the norm and is also seen in thin sections. It is possible 
that silica has been released in the process of conversion 
of pyroxene to hornblende, under the low grade metamorphism. 
Therefore, the large scale saussurltizition found in these 
rocks may be attributed to regional metamorphism in a zone 
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of moderate temperature and pressure. And hence the 
epidiorites belong to the greenschist facies. 
It is revealed from the petrographic studies of the 
metabasites that there is variation in the mineral composition, 
Thus, the majority of these rocks are composed of abundant 
actinolite and chlorite, with albite in minor quantities. 
Others contain much ealcite with hornblende but are devoid 
of actinolite and epidote. Billings and White (1950, see 
Miyashiro, 1968, p.809), pointed out that such changes 
I 
are due to highly variable carbon diQxide content in the 
basaltic rocics of the greenschist facies. Also Miyashiro 
(1968, p.814) observed that "With increasing pressure of 
COg, Ca-bearing silicate minerals such as actinolite tend 
to be decomposed to form calcite". On the other hand, with 
the decrease of COg content in the basaltic rocks undergoing 
low grade metamorphism, abundant actinolite will form in 
greenschist facies (Eskola, 1925, p.9l5 Turner, 1933, p.537-
538). Therefore, it is believed that any variation in the 
mineral composition of the metabasites, of the investigated 
area, is due to variable contents of CO^ in these rocks 
during low grade metamorphism. 
Age relations of the basic rocks 
As regards the age-of these intrusive rocks, it is 
significant that, although the Bl^awar group of rocks have 
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been sharply folded, the quartz-dolerite and altered 
dolerites show no sign of movement. In thin sections 
the constituent minerals of these rocks are free from 
any evidence of the metamorphisra. This indicates that 
no profound earth-movement affected this region since 
the cqfeolidation of the dolerite rocks. Therefore, the 
age of these intrusive rocks seems to be post-Satpura 
movements, which completed the tilting of the Bijawar 
group of rocks of this area. Additionally, an absence 
of evidence of metamorphism in these rocks, as is so 
commonly seen in the older traps like the Newer Dole-
rites of Singhbhum would suggest that these dykes may 
be of Deccan Trap age. On the other hand, the epidio-
rites and metabasites represent metamorphic basic rocks 
which underwent compression. Evidently they are older 
than the basic dykes mentioned above and could be of 
Cuddapah Trap age or even older than Cuddapah Trap. 
Chapter Y 
PETROGBAPHY OF METASEDIMEWTARY ROCKS 
The petrography pf the metasedimentary rocks of the 
'Bijawar group' has received but little attention. This was 
for the simple reason that late in the last century techniques 
had not been developed and since, in the preliminary survey 
the formation was not found to be of any economic interest, 
it was ^ust ignored for a long time. With the interest, created 
by the discovery of the part played by turbidity currents these 
formations are fast becoming the focus of scientific interest. 
An attempt has, therefore, been made here for the first time 
to carry out a detailed petrological study of these rocks. 
Representative specimens from all the lithological types were 
selected at random for this purpose. Because of the dominance 
of clastics in the area under investigation, emphasis was 
placed on the metasediments of the 'Parsoi phyllite' and not 
on the less prevalent non-clastic crystalline limestone and 
banded-haematite-quartzite. 
This study gives an idea of the types of minerals that 
occur in these rocks, as also of their textures and structures. 
Further, it helps in understanding the geological history of 
the deposits and the conditions that prevailed at the time of 
deposition. 
-lOS 
Method of study 
Modal compositions of 22 thin sections of the sandstones 
of the 'Parsoi phyllite' were determined with the help of 
inte grating stage. Heavy mineral separations were also 
made from 20 representative rock samples selected from the 
whole area. 
Heavy minerals in the very fine sand fractions (66 microns) 
were separated with the use of bromoform (sp.gr. 2.85) in the 
manner described by Krumbein and Pettijohn (1938, p.343-344). 
This size was considered to be a suitable fraction for petro-
graphic investi gation, because in any other size heavy minerals 
were scarcely present. Heavy minerals from these twenty 
random specimens were examined in detail in order to ascertain 
the various species and proportions of the minerals present 
in the slide. Every slide was examined first to identify the 
"Various minerals present, and then the minerals were counted 
with the help of mechanical stage. Two hundred grains were, 
thus, counted from each slide to determine the proportion of 
heavy minerals present (Dryden, 1931). Various varieties 
of tourmaline and zircon were plotted individually and also 
together with the major heavy mineral groups. The opaque 
minerals were considered as a single group. However, wherever, 
possible, various varieties of opaques were also distinguished 
for qualitative study. Sporadic occurrences of other minerals 
were not significant enpugh to merit further considerations. 
Although numerous methods of representing heavy Mineral 
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frequencies ^ave "been suggested, the method suggested 
by Evans, flayman and Ma^eed (1933) of the Burma Oil 
Company, was employed in the present study. The mineral 
frequencies were graphically represented by means of 
histograms. 
Otto's test was performed to differentiate ealeite 
and dolomite in the carbonate rocks, since it is known to 
be one of the most reliable tests for identifying dolomites 
(Krumbien and Pettijohn, 1938). An uncovered thin section 
was dipped in a 10^ solution of AgFOg for three minutes and 
after rinsing the thin section thoroughly with distilled 
water, it was again dipped in a neutral solution of K2Cr04 
for- a minute. After washing well with distilled water, 
the thin section was dried and subsequently covered. As a 
result, ealeite readily took a brownigh red stain while 
dolomite remained unaffected. This staining test was carried 
out on 12 thin sections. 
Only partial chemical analyses of two samples of 
recrystallized dolomite and calcitic marble were undertaken 
in order to know the percentages of CaCOs MgCOg. 
The results of all these studies are discussedi later.-
Terminology and Classification 
Most of the sedimentary rocks of the *Parsoi phyllite' 
have been subjected to low grade metamorphism, However, at 
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places the rocks show little evidence of metamorphlsm, 
and well preserved primary textures and structures abound. 
These rocks should be called 'metasedimentary', but to avoid 
the cumbersome repetition of the prefix 'meta*, sedimentary 
names for such sandstones has been used throughout this 
study. For other varieties of sandstones, which show clear 
evidence of metamorphism, an appropriate prefix has been 
used, depending upon the degree of metamorphic recrystalli-
sation exhibited by the argillaceous matrix and consequent 
metamorphic structures present. Similar teminology has 
been used by Nilsen (1965, p.805-817) for the middle Pre-
cambrian Animikean Quartzite, Florence County, Wisconsin, 
Thus, Nilsen (op clt.) is of the opinion that: 
" 1, A modifying objective describing the metamorphic 
structure, that is, (a) slaty — smooth flat cleavage, platy 
minerals visible to the naked eye, (b) phyllitic — corrugated, 
irregular cleavage with some fine platy minerals visible to 
the naked eye, (c) schistose — very irregular cleavage, 
coarser, virtually all platy minerals visible to the naked 
eye; 2. A compositional term for the metasediment based 
on the sedimentary rock classification system of C.M.Gilbert 
(Williams and others, 1954)". 
Depending upon the above terminology, the metasandstones 
of the 'Parsoi phyllite' may be divided into the follo^ iring 
varieties: 
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Schistose quartz wacke 
2. Phyllitic quartz wacke 
3, Quartz wacke ( which shows little evidence of 
metamorphi sm) 
Thus, the "Schistose quartz wacke" refers to quartzose 
rock with schistose structure represented by biotite and 
muscovite and more than 10^ matrix (matrix is arbitrarily 
defined as less than 20 microns in diameter, but must be 
largely interpretive due to metamorphic recrystallization). 
The "Phyllitic quartz wacke" refers to a quartzose rock with 
phyliitic structure represented by SBricite and muscovite and 
more than 10^ matrix. 
The modal compositions of 22 quartz wacke sandstones 
are given in table YII and plotted on a triangular diagram 
(Fig,29). 
Quartz Wacke Sandstone 
These sandstones are highly indurated, massive and 
thick bedded and vary in colour from brown to greyish black. 
Although the sandstones have been subjected to low grade 
metamorphism, they still retain characteristics of the original 
unaltered rock. The accuracy of sorting estimates is, however, 
impaired by recrystallization of clay size material to sericite 
as also due to corrosion on quartz grains. Nevertheless, this 
is not thought to affect the general textural characteristics 
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of the rock. They are poorly sorted quartz wacke sandstones 
with high proportions of argillaceous matrix (Plate X7, 
Figs.l & 2). Preservation of the primary textural characters 
of the mineral constituents depends upon the grain size 
and the thickness of the beds. Thus, the primary textural 
characters are well represented in large, quartz grains. 
This variety is well exposed in the southern part of the 
area under review. 
Quartz and the argillaceous matrix are the most 
important constituents and together constitute about two 
thirds of the rock. The remaining third includes plagioclase, 
rock fragments of quartzite, phyllite and chert, ana iron 
oxide. Tourmaline and zircon are the dominant heavy mineral 
accessories in these rocks. Since heavy mineral composition 
is similar in all the three varieties of the quartz wackes 
mentioned earlier, they are described together under a separate 
head. 
Mineralogy; 
The detailed characters of the minerals occurring in 
these rocks are given below:•-
Quartz is the most predominant constituent of the 
framework of the rock. The grain size varies from 0.10 toi.O.Olmm? 
None of the sections shows any elongation or parallelism of 
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the quartz grains, and tne only result of metamorphism is 
the develQpment of a strong undulose extinction. The relatively 
large quartz grains are often rounded to subrounded and are 
generally enclosed in a fine-grained mass of argillaceous 
matrix and small quartz grains (Plate Xv, Figs. 1, 2 & 4). 
Generally speaking, the boundaries of quartz grains are corroded 
by the sericite matrix (Plate XV, Fig,2), At places where the 
corrosion is high, the outlines are difficult to recognise. 
Well developed inclusions of apatite, zirson, tourmaline, and 
1 
some dusty material'are present in some grains. 
Feldspars:-
Feldspars comprise both plagioclase feldspars and 
potash feldspars. A majority of the plagioclase feldspars 
are remarkably fresh and unaltered (Plate X7, Fig.S)i The 
extinction angles measured on (010) zone on twin lamellae 
of a number of plagioclase crystals range from 0° to 18® 
indicating the composition albite-oligoclase. The lath-shaped 
grains are common, rather than the subangular grains. They 
range from 0.02 mm to 0.05 mm. Albite twinning is the most 
common. Albite-Carlsbad twinning is also present but not 
as frequent as albite tid-nning. Rarely one or two grains 
show complex twinning on albite-pericline laws. 
Film perthite (B^rth, 1969, p.20) rarely occur in 
these rocks (Plate XV, Fig.2). Rare untwinned orthoclase 
was also identified by staining the uncovered thin section 
with sodium cobaltinitrite solution (Deer, et al., 1964). 
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Rock Fragments 
Rock fragments are seldom observed in these sandstones. 
When present they are represented by metaquartzites, cherts, 
and phyllites/argiliites. They occur' only as large grains 
( 0.05 mm), and are rounded to subrounded (Plate X7, Figs.SM), 
Metaquartzite fragments are entirely composed of quartz 
grains whose internal contacts are sutured and crenulated 
(Plate X¥, Fig.3). Internal grain boundaries can, however, 
only be recognized by the different optical orientation 
of the individual grains within the quartzitic fragments* 
Phyllitic rock fragments show indistinct outline and 
merge into the argillaceous matrix, where the latter is 
secondary (Plate XV, Fig.4). The_grain size is similar 
to metaquartzite fragments. Chert occurs as slightly 
elongated angular grains, with pitted surfaces. (Plate XVI, 
Fig.l). 
Accessory mineralst-
Tourmaline, zircon, garnet and iron oxides are the 
only identifiable accessories in the thin sections of these 
rocks and occur sporadically as well rounded to euhedral 
grains. 
Matrix ar^ d nhamical cement t-
Matrix constituents occur in significant amounts and 
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and are fine-grained quartz and mica aggregates, such as 
sericite, chlorite, and very fine quartz. Admixtures of 
sericits and chlorite are much more abundant than mica-
fine quartz mixtures. In general, the composition of the 
matrix is similar to that of slate (Bailey, 1930), In a few 
cases, black specks of iron oxide are disseminated in the 
matrix. The iron oxides which stain the matrix constituents 
probably were formed by oxidation of ferrous iron compounds 
(Pettijohn, 1957, p. 139). 
Mineral cements are uncommon in a majority of cases. 
Only locally and that, too, in a few samples does calcite, 
however, occur as a mineral cement. This locally occurring 
clear calcite cement presumably was deposited late in the 
diagenesis of the rock. 
Phyllitic Quartz ¥acke and Schistose Quartz Wacke 
These rocks vary in colour from greyish brovm to black 
This variation in colour is probably due to the differences 
in the iron oxide content of these rocks. They are found 
to occur as thin beds intercalated with the banded argillite 
or phyllite, and are fine-grained, hard, and compact rocks. 
The mineralogical compositions of these rocks have been 
studied in thin sections and found not to vary materially 
except for changes in the proportion of argillaceous matrijs 
and the resulting metamorphic texture during low grade meta-
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morphisra. Both the varieties are, accordingly, described 
together. A majority of the feldspars grains, in almost 
all the thin sections observed, and also in some cases a 
few quartz grains, appear to have retained their original 
shapes during the low grade metaraorphism. On the other hand, 
fine-grained matrix minerals show high degree of crystallinity 
suggesting a metamorphic origin. Although the metamorphic 
structure is not clearly seen in hand specimens of these rocks, 
a preferred orientation of the reerystallized micaceous minerals, 
sometimes also of quartz grains, is often discernible in thin 
sections of both the varieties. In the schistose variety all 
the argillaceous matrix has been recrystallised to form biotite 
and mliscovite. And theee minerals show parallel orientation 
along the foliation plane (Plate XVI, Fig.2), Some of the 
schistose rocks show distinct lepidoblastic texture defined by 
the parallel orientation of platy biotite. Phyllitic variety 
is characterised by corrugated and irregular cleavage, represented 
by fine sericite and muscovite flakes. 
Quartz predominates over all the mineral constituents 
present in these rocks. The other constituents are feldspars, 
mica, together with the accessory heavy minerals like tourmaline 
and zircon, garnet etc. Mineralogically they are quite similar 
to the quartz wacke sandstones. 
Mineralogy:-
The detailed description of the mineral constituents 
occurring in these rocks is given in following paragraphs. 
-Ill-
Quartz 
Quartz is the commonest mineral, and varies in grain 
size from 0.03 mm to 0.5 mm. In phyllitie varieties the 
equant grains of quartz are found to be held in a mat of 
tiny flakes of sericite and muscovite. A majority of the 
quartz grains show effects of strain and they never become 
complete extinct in any position under the crossed Nieols. 
Some of the grains were apparently, recrystallised during 
metamorphism. In such cases, their original detrital outlines 
were completely obliterated and generally contain inclusions 
of minute flakes of muscovite. At places the interlocking 
grain boundaries have become granulated due to tectonic 
pressure and shearing, A minor amount of clastic quartz 
grains are highly fractured. 
Feldspars 
Although plagioclase feldspar is not a dominant mineral, 
it is found to occur in almost all the thin sections observed. 
The average grain size of the plagioclase feldspars is more 
or less same as that of accompanying quartz. Majority of the 
plagioclase feldspars occur as lath shaped grains and others 
are sub-angular in shape, with albite twinning. Most of tte 
plagioclase feldspars are fresh. Their composition as deter-
similar 
mined by Michel Levy's method is almofet/to that of plagioclase 
occurring in quartz wacke sandstone. This suggests that these 
clastic plagioclase feldspars are not affected by low grade 
metamorphisDi. However, a few grains show the lines separating 
the twin lamellae are curved and sufficiently strained. Indeed, 
they resemble the strain shadows of quartz. This may be according 
-ioj-jWiaicbx:^  fc (1958, p,1344), " due to slight 
differences in chemical composition resulting from incomplete 
metamorphic recrystallization or it may reflect unrelieved 
strain". Untwinned orthoclase is seldom seen in these rocks, 
Muscovitet-
Muscovite is the dominant mica in these rocks. It 
occurs generally as tiny and slender flakes. The degree of 
crystallinity of the muscovite, together with the fact it 
commonly embays and penetrates clastic quartz grains suggests 
that it is of metamorphic origin. High proportion of the 
muscovite in these rocks is probably related to a relatively 
high original concentration of clay minerals. The tiny 
muscovite flakes of the matrix appear to have a preferred 
orientation representing flow or slaty cleavage. 
Chlorite:-
Chlorite occurs in close association with muscovite 
of similar habits, except for its coarser porphyroblastic 
growth in some of the phyllitic quartz wacke. The porphyro-
blasts of chlorites are oriented parallel to the foliation 
but their cleavages lie perpendicular to the foliation plane. 
'US-
Some of the porphyroblasts of chlorite are intensely 
deformed and strained. The colour is usually pale green 
and the elongation in the porphyroblasts is positive. 
The pleochroism is with Z= pale yellowish green, X>Y>Z. 
Blotite:-
Biotite grains usually from xenomorphic clots, 
sometimes interleaving with muscovite. , It is obvious 
from the association of biotite with relict core of 
muscovite that biotite has been formed from muscovite 
and it appears significant that this transformation is 
restricted to regions of intense strain. Generally biotite 
is of the pale brown variety having pronounced pleochroism. 
The metacrysts of biotite are oriented parallel to the 
foliation plane imparting schistose structure to the rock 
(Plate XVI, Fig.2). Sometimes, however, the porphyroblasts 
of biotite are found to be oriented at right angles to the 
plane of schistosity (Plate XVI, Fig.2), 
Heavy Mineral Composition 
Heavy minerals include tourmaline and zircon, garnet, 
rutile, kyanite, epidote, muscovite and biotite. Tynrmaline 
and zircon are the most abundant heavy minerals, and together 
constitute more than 80% of the total non-opaque heavy 
mineral assemblages. Besides these, coloured.minerals,"opaque 
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comprlsing ilmenite, leucoxene, and magnetite, are also 
present in almost all the samples. Muscovite and Motite 
are not considered in this study because5 as stated earlier, 
they are thought to be derived from the metamorphic recrys-
tallization of the argillaceous matrix. Heavy mineral 
frequencies, from all the 20 samples, are given in Table VIII, 
These frequencies are also graphically represented by means 
of histograms in figure 30. 
The heavy minerals identified in the course of this 
study are divided into four major graups. Further, these 
four major groups are subdivided into fourteen sub-groups, 
as listed below. (Mirsky, 1961; Mirsky and Treves, 1963). 
Tourmaline : Brown-browi, colourless-brown, blue-black, 
green 
Zircon : Colourless, hyacinth, and malacon 
Opaques : Ilmenite, leucoxene and ma^etite. 
Other minerals: Rutile, garnet, Kyanite and epidote. 
Non-opaque heavy minerals: 
Tourmaline:- Tourmaline is the most widespread non-opaque 
heavy mineral in these rocks. In majority of the cases it 
occurs in prismatic forms, with torn out terminations. All 
the grains, irrespective of colour, invariably show character-
istic pleochroism. As compared with zircon, tourmaline 
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grains are normally bigger in size, with euhedral grains 
predominating over the anhedral grains (Plate XVIII, Fig.ajJ. 
For the sake of comparison i the percentages of euhedral, 
rounded to subroxmded and broken grains are presented in 
the table IX. 
TABLE IX 
Percentages of euhedral, rounded and broken grains of tourmaline 
^in quartz wacke, phyllitic and schistose quartz wackes 
Sp.No. Euhedral Rounded Broken 
% % % 
1. 62.0 6.7 31.3 
2. 62.5 1.9 35.6 
3. 58.4 13.8 27.8 
4, 55.6 8.2 36.2 
5. 52.5 4.7 42.8 
6. 58.6 3.3 37.1 
7. 50.2 10.0 30.8 
8. 53.0 26.6 21.0 
9. 48.7 23.4 27.9 
10. 48.0 22.5 29.5 
11. 40.0 24.6 35.4 
12. 47.3 20.4 32.3 
13. 50.6 20.0 29.4 
14. 61.5 10.0 29.5 
15. 50.0 14.6 35.4 
16. 47.0 8.5 45.5 
17. 52.6 12.0 35.4 
18. 60.0 3.6 36,5 
19. 58.5 10.0 32,5 
20. 62.9 7.4 29.7 
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Brown tourmaline variety, among the major tourmaline 
groups as a whole, predominates over other individual varieties 
( Fig, 31), the colourless-brown variety being next in 
importance. The other two varieties occur sporadically in 
almost all the samples.' From table IX it is clearly seen 
that irrespective of the varieties present, good prismatic 
euhedral shapes invariably predominate over the other shapes. 
The rather uncommon variety, called 'Rubite', exhibits yellow 
colour with blue margins within the same grain. 
Zircon 
In almost all the samples studied, zircon forms the 
next important widespread mineral whereas other minerals 
are poorly represented. Most of the zircon grains show 
womout pyramidal faces, framing en elliptical shape, and 
a few are very well rounded (Plate XVIII, Figd/). For the 
purpose of comparision the peccentages of euhedral, elliptical 
and rounded grains are presented in the Table X. The lengths 
of the euhedral zircohs invariably coincide with the C-axis. 
Most of the zircon grains are characterised by a black border 
and a high relief. The zircon group is further divided into 
the colourless, hyacinth, and malacon, varieties (Fig.32). 
Most of them contain numerous sub-microscopic incJ-usions 
of opaques and other minerals, and they are almost non-
pleochroic with high order of interference colours. A few 
grains however, show typical zoning, with a positive sign 
TABLE X 
Percentages of euhedral, elliptical and romded grains of zircon 
in quartz wacke, phyllitic and schistose quartz wacke 
Sp. No Euhedral 
% 
Elliptical 
% 
Rounded 
io 
I-.' 37.0 21.2 41.8 
2. 6.0 21.3 72,7 
3. 34.0 7.9 58.1 
4. 3P.0 20.5 45.5 
5. 2?*3 11.5 62.2 
6. 33.3 11.0 55,7 
7. 14.3 20.7 63.0 
8. 30.0 10.0 60.0 
9. 28.3 11.5 60.2 
10. 14.0 10.0 76.0 
11. 12.0 26.3 51.7 
,12. 32.0 20.5 47.5 
13. 64.5 19.3 16.2 
14. 26.5 12.0 51.5 
15. 21.2 13.8 65.0 
16. 32.0 26.0 4''.0 
17. 30.0 19.0 51.0 
18. 30.8 11.5 47.7 
19. 33.5 11.0 55.5 
20. 31.8 26.2 42.0 
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of elongation. The outlines of the zircon grains are rounded 
when compared with those of the other detrital heavy minerals, 
and further, the colourless variety of zircon is invariably 
rounded. Fig. 33 shows the relationship of rounded grains 
frequencies between zircon and tourmaline. 
A significant feature that emerges from this study is 
the teadency of progressive rounding in the smaller grains 
of zircons rather than in the bigger ones. The "Zircon 
Hounding Index", which measures the ratio of rounded grains 
to the euhedral grains, is apparently high ranging upto 5.0. 
Pyramidal faces are developed at one end, and sometimes at 
both the ends. It is seen that one of the psrraMdal faces 
is generally worn out or rounded, whereas the other end 
often shows well developed pyramidal faces. According to 
Carrol (1963, p.107), the junction of the pyramidal faces 
and prism faces is generally considered as a weak zone in 
the structure of the zircons. Authigenic zircons, with the 
exception of a very few sporadic overgrowths, are completely 
absent in these sandstonesi The elongation ratios,observed 
in these euhedral zircons, range between 2 : 1 to 3 : 1,According-
Poldervaart (1955,1956) this range is characteristic of 
zircons derived from igneous granites or calc-alkaline rocks. 
} 
Minor Heavy Minerals 
This category includes all the other heavy minerals 
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which constitute together below 10^ of the total heavy 
mineral assemblage. The minerals include epidote, kyanite, 
rutile and garnet (Platexvm,Fig.b-c). Of these none of 
the grains is rounded, but iSme of them are clearly euhedral 
to subhedral. 
Opaque Minerals:-
Opaques include magnetite, ilmenite, and leucoxene 
(Plate^ xviii^ ig.ei-fi). Ilmenite and magnetite are the most 
important and constitute more than 10% of the total opaques. 
The frequency of individual opaque mineral was not studied, 
and all were counted together. In most of the cases the 
proportion of opaque minerals was over 40^ of the total 
heavy residue. Separate histograms represent the opaques 
in pPi^^sO/ 
Ilmenite, together with magnetite, forms the most 
important mineral in every sample examined. In most of 
the cases they are irregular in shape and are characterised 
by their black colour in thin sections and brown colour 
in reflected light. 
Leucoxene is an alteration product from ilmenite. 
This is clearly seen from the partly altered grains, that 
have altered margins of translucent mineral, with brown 
shades in places. 
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Maturity of the sandstones 
The relatively high percentage (>40^) of argillaceous 
matrix and poor sorting classify the Parsoi quartz wacke 
sandstones as immature. Consequently a diverse assemblage 
of heavy minerals would be expected. On the other hand, 
the exceedingly high proportions of the ultrastable resistant 
minerals, like zircon and tourmaline, as well as the dominance 
of rounded grains of zircons, are characteristic of mature 
sediments. Recognizing that the high ZTR index is usually 
related to the maturity of the light fraction both in texture 
and composition, the presence only of zircons and tourmalines, 
as the major heavy minerals, in these sandstones, reflects 
high maturity. The sandstones occurring in this region, 
however, are immature both compositionally and texturally for, 
as stated earlier, they include a high proportion of matrix. 
Besides, these sandstones consist of fresh and unaltered 
feldspars, although only in minor quantity. The presence 
of these contj?asting features in sandstones is called 
'inverted maturity' (Stanley, 1965). Similar inverted maturity 
has been recorded from other known turbidity current deposits, 
such as Maptinsburg Formation of Central Appalachian (McBride, 
1962), and the Pennsylvanian Smith-wick Shale, Eastern Llano 
Region, Texas (McBride and Kimberly, 1963) etc. 
According to Gazzi (1965) " The survival or loss of one 
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unstable mineral should depend upon all the environments 
within which a sediment stayed i.e, upon its entire geologic 
and tectonic history; but chiefly upon the duration of its 
stay in a very destructive environment". Van Andel (1959) 
had suggested that pre-depositional loss by weathering of 
rocks forming the provenance, transportation and selective 
sorting of minerals according to size and chemical destruction 
after deposition tend to modify the gross mineral suite. As 
stated earlier, the sediments of the 'Parsoi Phyllite* are 
immature, and this immaturity could be assigned to rapid 
deposition. Hence, pre-depositional loss either due to 
weathering in situ or/and during transportation seems in-
significant. Selective sorting of minerals according to 
density and size would, no doubt, tend to modify the gross 
mineral composition. This, however, does not seem to have 
effectively operative, since different lithologies (sandstone 
and shale) of a 'Parsoi Phyllite' display similar heavy 
mineral suites. Thus, it would appear that the heavy minerals 
supplied to these sandstones are valid indicators of pro-
venance, This in turn, reflects that the source rocks might 
have been lacking in diversity of heavy minerals. 
Provenance 
Although most of the matrix minerals in the quartz wacke 
sandstones appear to be of metamorphic origin, the rock 
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fragments and obviotis clastic major heavy accessory miiieral 
grains will give some idea to a source area composition. 
Metaquartzite rock fragments, phyllite, metamorphic garnet 
and kyanite; quartz with zircon inclusions, plagioclase 
feldspar, and stable accessory minerals like tourmaline 
and zircon; rounded quartz and chert are present in quartz 
wacke sandstones of 'Parsoi phyllite' and attest to a complex 
lithology exposed to erosion in source area or areas. Volu-
metrically, however, the mineralogy of the quartz wacke 
sandstones of the present area indicates that the source 
area was particularly characterised by large exposures of 
plutonic rocks with a composition close to that of granite, 
associated with pegmatites, and a small terrane of meta-
morphic rocks of sedimentary origin. 
A granitic source area is suggested by an exceedingly 
high proportion of euhedral grains of tourmaline, zircon, 
and rutile. i^rther more, the perthite grains and plagioclase 
feldspars, ranging from albite to oligd-clase in composition, 
and twinning on albite, albite-carlsbad, albite-pericline, 
suggest granitic source (Gorai, 1953]). However, the small 
amount of detrital feldspars tends to suggest that the 
plutonic igneous rodks were probably intensely weathered 
under humid and tropical climate. Associated with this 
granite igneous body, there were pegmatites which apparently 
prmvided the blue tourmaline that appeared as common heavy 
constituents in these rocks. 
The TDetamorphic rocks exposed to erosion in the provenance 
of the quartz wacke sandstones of 'Parsoi phyllite' were 
subjected to various degrees of metamorphism. Thus, phyllits 
and metaquartzlte rock fragments point to an important sequence 
of low-rank metamorphic rocks of greenschist fades. Very 
limited quantities of gannet and bladed kyanite suggest that 
moderate to high-rank metamorphic rocks were also supplying 
a very small amount of detritus in the making o^-'^th-e '^ andston'^ 'a. 
Rounded stable heavy minerals - zircon and tourmaline 
and occasional large rounded quartz grains, indicate terrige-
nous rocks as present in the source area of these quartz wacke 
sandstones. The general worm appearance of the grains of 
tourmaline and zircon in the heavy minerals suits is in accord 
with the notion ofderivation from earlier sediments may be of 
second or subsequent cycles. It is generally agreed that 
the presence fef rounded zircons in the foliated rocks is 
evidence of its sedimentary origin (Winchell, 1914, p.128), 
and Smithson (1941; 194P.) thought that the small size of 
rounded zircon, as compared to other minerals, is character-
istic of repeatedly rewcrked sediments. 
Pelitic Rocks 
The pelitic rocks of the area under review are composed of 
an extremely mixed sequence of varied phyllites, banded 
argillites, quartz-micatschists. Sedimertary laminations 
are present in almost all the banded argillite's and in most 
the phyllites. The latter generally occurs as thin units. 
Megascopically the Individual mica flakes are not visible 
in phyllites but their cleavage surfaces have a silky sheen. 
On the basis of their mineral composition and their appearance 
in the field, these phyllites can be divided into several 
types. They are : 1. Quartz-sericite phyllite, Muscovite-
sericite phyllite, 3. Ferruginous phyllite. These differing 
types of phyllites represent o"n5-ginal sedimentary variations 
and may occur both interbedded with one another or as inter-
calated between phyllitic or schistose quartz-wackes. 
Banded Argillite;. 
Banded argillite is indurated argillaceous rock, in 
which thin bands are alternately coloured black, grey, tan, 
and sometimes even red. Tinder the microscope these rocks 
are composed entirely of a micaceous paste, clay minerals, 
and very fine quartz; the first two constitute more than 
half of the total mineral composition of tna rock (Plate XVI, 
Figs. 3 & 4). The micaceous paste and clay minerals have been 
moderately reconstituted to combinations of fine sericite,musco-
vite and chlorite, visible only under high magnification.Scattered 
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throughout the groimdmass is a moderate amo-ont of crptocrys-
talline silica. These minute particles in the groimdmass 
show low relief and. very weak birefringence. And the 
reconstituted micaceous minerals in the groundmass appear 
to have orientation commonly parallel to the bedding. Of 
the rare heavy minerals, tourinaline and zircon are fairly 
common. 
Phyllitest 
Since the textural characters of the various phyllites 
mentioned above are similar, they are described together. 
These rocks are generally broim in colour and are fine-grained. 
The quartz-sericite phyllite is characterised by its darker 
colour owing to the presence of abundant micaceous minerals 
and cryptocrystalline quartz and are finely banded. The 
muscovite-sericite phyllite, on the other hand, is character-
ised by abundant muscovite. t^ hyllites show a Saintly developed 
schistosity marked by the preferred orientation of sericite 
and muscovite (Plate XI, Fig.4), Some are notably porphyro-
blastic, in which the large metacrysts of quartz and pyrite are 
oriented parallel to the foliation. These metacrysts are 
often enclosed in eye-shaped 'pressure shadows' filled with 
quartz or sometimes with mica flakes indicating cataclastic 
effects (Plate ZVII, Fig.l). There has been no substantial 
change in the texture and mineral composition, in the ferruginous 
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phyllite other than the occurrence of dominant iron oxide 
minerals in them. Some intercalated metaquartz wacke 
lamination show microcross-laminations (Plate X7II, Fig.S). 
Quartz-Mica Schist 
The quartz-mica schist is usually fine-grained and 
"foliated rock. Generally dark greyish brafn in colour. 
Another variety is dark grey in colour and looks like a 
slate. The constituent minerals are extremely fine-grained 
and consequently detailed mineralogical work is often diff-
icult. Porphyroblasts of biotite forming characteristic 
mineral lineations, run parallel to the schistosity plane 
(Plae XVII, Fig.4). 
Thin sections under the microscope show fine-grained 
quartz, flaky muscovite, chlorite, idiomorphic crystals of 
biotite and opaques with heavy minerals as aesessories. 
Schistosity is caused by the preferred arrangement of fine 
flakes of muscovite, chlorite and biotite. In a few cases 
the heavy minerals present as accessories also are aligned 
parallel to the schistosity of the.r.ock. 
Mineralogy; 
The important characters of the minerals occurring 
in these rocks are described below. 
-126-. 
Quartz;-
Quartz, forms the commonest mineral. Its grains are 
very small and are intimately mixed with sericite and 
muscovite flakes, "but the grain size of the quartz increases 
in the metaquartz wacke lamination. Elongation of quartz is 
considerably higher in the phyllitic lamination than the 
metaquartz wacke lamination (Plate XI, Fig.l & Plate m i , 
Fig.2). Thus, the maximum elongation is generally along 
the minor pucker axes and cleavage planes, indicating that 
alignment is post tectonic in origin. Quartz-grains are 
colourless and generally free from inclusions. 
Muscovite and Seribite:-
Muscovite occurs generally as prisms and tiny flakes, 
rarely as medium size prisms. Sericite is less abundant than 
muscovite in the schistose variety. It is colourless to pale 
green in colour, and is associated with chlorite and biotite. 
Also, it exhibits a |ireferred arrangement parallel to the 
plane of schistosity. 
Chlorite 
It is interesting to note the scarcity of chlorite in 
these rocks, although it is normally supposed to be an index 
mineral of the chlorite zone. However, it occurs as tiny 
flakes, generally interleaved with muscovite. It is usually 
pale green in colour and "shows very faint pleochroism. The 
medium sized grains, on the other hand, display strong 
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pleochroism X = pale green, Y = Z = colonrless or greyish 
blue. The elongation of such grains is usually positive, 
with greyish blue interference colours. At places, consider-
ably large, idioblastic grains are seen altering into biotite. 
Cleavage in idioblastic large chlorite is generally perpendi-
cular to the main schistosity. 
BiotiteI-
Biotite, generally pale green to pale brown in colour, 
occurs occasionally in schistose rocks. It occurs in the 
form of porphyroblasts enclosed in fine-grained foliated 
muscovite, chlorite and quartz. The porphyroblasts of 
biotite are arranged parallel to the main schistosity. Their 
relationship with other minerals suggests that the mineral 
was formed at the expense of the pre-existing minerals, like 
muscovite and chlorite. Their development.is conspicuous 
in the zone of intense local folding. The porphyroblasts 
of biotites sometimes show typical poeciloblastic or sieve 
stracture with the openings filled with quartz grains. 
Carbonate Rocks 
Carbonate rocks, as stated earlier, occur only in a 
small part of the area under study. Genetically the carbonate 
rocks of the area can be divided in the following subheads: 
1. Recrystallised and partly recrystallised carbonate rocks 
2, Thermally metamorphosed carbonate rocks 
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The recrystallised and partly recrystallised carbonate 
rocks are the most dominant variety in the area, particularly 
so in the Kunwar area. The carbonate rocks, where they are 
in immediate contact with the basic lava flows, pass into 
coarse crystalline marble under the influence of thermal 
metamorphisDi. Such thermally metamorphosed carbonate rocks 
are seen near Parsoi. A description of these rocks is given 
below: 
Recrystallised and partly recrystallised carbonate rocks; 
In this' group are included all the carbonate rocks 
that have suffered only low grade regional metamorphism. 
These carbonate rocks are slightly away from the lava flows 
and correspondingly the alteration of these rocks is less 
pronounced, Recrystallization is, however, the only dominant 
feature in these rocks. They vary in colour from greyish 
white to red, are fine to medium-grained in texture and 
compact. Both the recrystallised limestones and dolomites 
were encountered in the present area. 
Microscopically the recrystallised dolomites are composed 
of idiotopic coarse-grained dolomite mineral with a little 
calcite. The partial chemical analysis of the representative 
recrystallised dolomite is given below: 
Si02 1*60 
R2O3 3.40 
CaO 29,12 
MgO 20; 60 
CaCOg 52.00 
MgCOg 43.26 
The recrystallised limestones are composed mainly of 
calcite with a little silica in the form of chert. Similarly 
the partly recrystallised carbonate rocks are composed of 
both limestones and dolomites. The former one consists mainly 
of calcite with some fine diagenetic chert. In which the 
recrystallised portions ofthe rocks, as observed in the same 
thin sections, are coarser in texture and the less affected 
portions are composed of fine micritic calcite (Plate XIX,Fig.l), 
The coarse idiotopic calcite appears to have been developed 
from the finer ones. The fine-grained portions of calcite 
are dense and darker than the recrystallised light coloured 
portions which appear to be fresh. These partly recrystallised 
carbonate rocks give a clue to the nature of the original 
sediments. In general, these partly or thoroughly recrys-
tallised carbonate rocks may be classified as "microsparites" 
(Folk, 1959, p.32), even though the reason why""sorae micritic 
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specimens are partly or wholly converted to 'microsparite' 
is as yet unknown (Folk, 1959, p.32). At places secondary 
ferruginous solutions have invaded the recrystallised lime-
stones and dolomites and deposited ferruginous matter along 
the cleavages and the twin planes giving a pink to red colour 
to these rocks. This is seen particularly well near Chulia. 
Thermally metamorphosed carbonate rockst 
Thermally metamorphosed carbonate rocks appear in much 
altered forms. Their sedimentary origin is not certain. 
Usually they are altered into crystalline marbles. Petro-
graphic studies reveal that the marbles of the area are found 
to consist of the following different petrographic types, 
characterised by different mineralogical assemblages. 
A. Calcite marble 
B. Brucite marble 
C. Tremolite marble 
Calcite marble composed almost entirely of•calcite 
shows granoblastic medium-grained equigranular texture. 
Brucite marble consists of fine to medium-grained xenotopic 
calcite. Elongated plates and fibres of brucite are irregularly 
inset in calcite crystals (Plate XIX, Fig,2). Dolomite is 
rarely seen in these rocks. Some of the marbles are character-
ised by the presence of tremolite and as such they are, here. 
-131-. 
designated as tremolite marble. It is mostly a medium-
grained, hard and compact rock, and it shows a granoblastic 
texture (Plate XIX, Pig.3). Tremolite marble (Plate XIX, 
Fig.4) consists chiefly of calcite, tremolite, albite, 
and a few grains of idioblastic dolomites. 
The partial chemical analysis of clacitic marble 
is given below: 
SiOg 0.36^ 
1.10 
CaO 53.76 
MgO 1.60 
CaCOg 96.00 
MgCOg 3.36 
Mineralogy; 
The important characters of the minerals in all the 
above carbonate rocks are described below: 
Calcite;-
It is the chief component of all the carbonate 
rocks except in recrystallised and partly recrystalli^ed 
dolomite rocks. It is brownish white in colour. In most 
cases calcite grains are xenotopic (Friedman, 1965, p.647), 
displaying well defined interlocking texture. In such cases 
the rhombohedral cleavage in calcite is generally absent. 
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A few calcite grains show perfect rhombohedral cleavage. 
The relief varies with the direction giving the character-
istic twinkling effect. In some marbles the twin lamellae 
are bent showing the effect of stress. Microdislocations 
in twin lamellae of calcite are also seen in some marbles. 
Dolomite 
The recrystallised and partly recrystallised dolomite 
rocks are composed of dolomite as the predominant constituent. 
In other rocks it is but rarely present. In thin sections 
dolomite is colourless, hypidiotopic to idlotopic in shape 
(Friedman, 1965, p.647). Well defined rhombohedral cleavage 
and rhomb shaped crystal outlines of dolomite are another 
characteristic feature in thin sections. It shows polysyn-
thetic twinning. Sometimes the twin lamellae intersect both 
the long and short diagonals of the cleavage rhombs. It 
does not take any stain in Otto's test. 
Brucite;-
Brucite is seen only in some marbles. It occurs as 
elongated plates and in a felted mass of fibres. It is 
colourless and it shows a fairly high relief, and a perfect 
cleavage parallel to the length of the mineral. 
Tremolitet-
Tremolite is the characteristic mineral of the tremolite 
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marble. It is not fotmd in other carbonate rocks, and 
occurs as very fine columnar prismatic and needle shaped 
crystal aggregates. It is usually colourless, exhibits 
good relief, perfect cleavage parallel to the length of 
the mineral, and is non-pleochroic. It shows strong bire-
fringence, oblique extinction with ZAC varying from 12° 
to 18°, optically:, negative. Most of the tremolite 
prisms show strain shadows. 
Albite:-
This mineral is not very conspicuous in the carbonate 
rocks, but occurs only sparingly in the marble. It often 
forms crystals of considerable size, llbite tends to occur 
as idioblastic elongated plates and rounded grains (Plate XX, 
Fig.l), Some are untwinned, superficiallj?" resembling quartz, 
except for their lower refractive index and biaxial character, 
Whenever twinning is developed, it almost invariably follows 
either the albite or the carlsbad law. Some small grains 
of albite are poikiloblastic in calcite. 
Quartzt-
Quartz occurs as individual grains as sutured aggregates 
indicating recrystallised quartz from fine cherty material. 
Sometimes quartz is also poikiloblastic in calcite. 
Magnetite and pvrite?-
Magnetite and pyrite are present in small quantities in 
marbles, the former mostly in the form of titaniferous magne-
tite. 
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Banded-Hen)atite-(Jasper)-Quartzite 
And 
Brecciated Quartzite 
As the name suggests, the banded-hematite-quartzite consists 
of alternate dark and white bands of hematite and chert respec-
tively (Plate XX, Fig.2). It is a hard and compact rock. The 
bands of hematite are more or less continuous and uniform in 
thickness. The bands occasionally show small scale faulting 
(Plate VII, Fig.l); intense folding of all sizes, from open to 
isoclinal tjrpe, is often found in them. Brecciated quartzites 
occur as cappings on banded-hematite-quartzites. 
For a systematic des-cription, each type of band is dealt 
with separately. 
Siliceous band; 
Mineralogically, silica bands are composed entirely of 
chert and jasper. Chert is not, however, truely amorphous in 
nature, and consists of fine interlocking grains of ccrjrpto-
crystalline quartz. Jasper gives a brownish red colour in plane 
polarised light and remains dark under crossed Nicols. At . 
places crystalline granular mass of quartz occurs in the silica 
bands. They are generally equiaxial, subhedral, and water 
clear, and show interlocking mosaic texture. Undulatory 
extinction in quartz suggests that it has been subjected to 
some pressure. In some thin sections, irregularly arranged 
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hematitic inclusions are also seen, whereas silica bands 
are apparently clear and without any inclusions. In some 
cases, faint micro-graded tedding is well exemplified 
by the variations in the grain size from fine quar-tz in 'the -
lower portion to' crirptocrysiallin quartz higher iip (Plate XX^ 
Fig.3). 
Brecciated quartzites consist of quartz and hematitic 
material. Generally, quartz grains are variable in size, and 
angular to subangular in shape (Plate XX, Fig.4), Some of 
the grains show innumerable scratches. Dark unidentifiable 
submicroscopic inclusions are sometimes so arranged as to 
represent boehm laminae. They are seen in some large sized 
grains. One or two grains of minute zircon and tourmaline 
also sometimes occur as inclusions in quartz. 
Ferruginous band; 
Ferruginous bands consist of hematite which show dark 
grey colour under plane polarized light and black colour 
under crossed Nicols. Occasionally a few grains of quartz 
occur in the ferruginous bands. The boundaries of hematite 
and cryptocrystalline bands of chert are more or less sharp. 
These bands are as well defined in thin sections as hand 
specimens. Ferruginous material also occurs as fine particles 
and as small crystals of cubic shape in some cases. In 
brecciated quartzite angular quartz grains and quartzite grains 
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are cemented with haematitic material. 
Ore microscopic study for polished ores is beyond 
the scope of this study. Ahmad and "Maithani (1963) studied 
some of the polished ores of Kunwar area and also have gi\''en 
chEimical analyses of some of the iron ores. According to 
these authors, iron ores of the area are composed mainly 
of hematite and goethite in intimate intergrovrbhs, with 
considerable crjnptocrystalline matrix. Sometimes hematite 
and goethite occur as spheroidal aggregates. Also, some 
of the polished sections contain hypidiomorphic granular 
aggregates of magnetite which are partly altered to hematite. 
Hematite, in turn, was reported to have been veined and 
/ 
replaced by goethite. They also reported the xenomorphic 
granular texture in hematite which has been replaced by 
goethite. 
The results of chemical analyses of iron ores {fe% only) 
given after Ahmad and MaI'tlmh 1(1963) are: 
Sample No Percentage of 
Fe 
Locality of the 
samples 
JB/K6 
JB/K7 
JB/K8 
JB/K9 
JB/KIO 
JB/Kll 
11,50 
9.54 
9.54 
11.92 
50.93 
40.26 
Samples collected from the 
trench at 8' interval 
and samples on JB/Kll is 
from the pit 1 furlong ' 
SE of JB/Kl at a depth 
of (24 meter) 
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Metamorphism 
Rocks of the present area belong to the greenschist 
fades of metamorphism, as defined by Eskola (1920, p.161-165) 
and Turner and Verhoogen (1951, p.465-47§). Metamorphism 
was dynamic or regional, (Harker, 1950) unrelated to any 
known igneous intrusion. Only some of the carbonate rocks 
are thermally metamorphosed and related to basic igneous 
intrusion. 
The sediments of the *Parsoi phyllite' are in general 
typical of the argillaceous rocks, in which the argillaceous 
constituents, are converted to sericite, muscovite, and 
chlorite. Occasionally, incipient crystallization of biotite 
is also locally seen in these rocks. Plagioclase feldspars 
(sodic to intermediate in composition), appear to be of detrital 
origin and have not undergone any chemical change during 
metamorphism. These sediments are assigned, therefore, to 
the muscovite-chlorite subfacies (Turner and ¥erhoogen,1951, 
p.469), 
The metamorphic effects noted in the carbonate rocks 
are simple recrystallisation and development of brucite and 
tremolite in some cases. Heinrich (1956, p.197) has suggested 
that hyroxyl-bearing minerals such as tremolite and brucite 
can form when some elements, particularly HgO, are metasomati-
cally added to the carbonate rock during contact metamorphism. 
-138-. 
Also, silica, necessary for the formation of tremolite, 
is brought into the rock by fluids from basaltic intrusions, 
migrating along the porespaces and fracture planes. In 
a majority of cases marbles are highly calcitic, suggesting 
that the magnesia of the dolomite probably has been leached 
out, perhaps by the solutions rich in CO2 leaving the 
calcite as residue (iPaust and Callaghan, 1948, p,558-60), 
or else these rocks were themselves originally calcite 
rich limestones. The absence of calcium silicates, such 
as andesine, epidote, and zoisite etc., probably reflects 
the high content of magnesium in -unmetamorphosed carbonate 
rocks. Thus, mineral assemblages - calcite, dolomite, 
tremolite, albite and quartz, confirms that these carbonate 
rocks belong to greenschist facies. 
Tte occurrence of haematite and quartz, as principal 
minerals, the presence of undulose extinction in quartz-
grains and the interlocking texture in banded-haematite-
quartzites, indicate that these rocks were subjected to 
low grade metamorphism. Furthermore, the occurrence of 
these banded-haematite-quartzites, in association with the 
banded argillites and phyllites, suggests that these rocks 
have undergone metamorphism only of chlorite-muscovite 
subfacies of the greenschist facies. 
Chapter VI 
SEDIMMTARY STKUCTURBS 
Geologists have used primary depositional structures to 
interpret the conditions of deposition in the basin, to fix 
the direction of the source area or provenance of the sediments 
to determine stratigraphic succession in folded rock sequences 
and so on. Unfortunately, sedimentary struct\ires in the 
formation under study are not as common as one would wish 
them to be. T^ e^vertheless, Pettijohn (1957b) and Kedar Narain 
(1961) have recently mentioned the depositional structures 
from the Parsoi metasediments. These sedimentary depositional 
structures are associated with the silty and sandy portion 
of the 'Parsoi phyllitife'. An up-to-date account of their 
occurrence is somewhat over due, and these depositional 
structures have been described in the follomng paragraphs. 
The following depositional structures are observed 
in the Parsoi metasediments in order of abundance: 
1. Parallel lamination 
2. Ripple-drift cross-lamination 
3. Massive and Graded Bedding 
4. Convolute lamination 
5. Ripple marks 
6. Flute casts 
7. Load casts 
8. Scour marking 
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Vertical Sequence of Internal Structures 
The vertical sequence of internal sedimentary structures 
is the most common primary sedimentary feature in Banded 
argillite unit of 'Parsoi phyllite*. The first description 
of such vertical sequence in sandstones is wholly credited 
to Bouma (1962, p.49), who referred to these structures in 
combination as fixed 'turbidite facies model'. According to 
him the facies model of turbidite is composed of five intervals. 
Tnat from bottom to top, (a) graded interval (b) lower interval 
of parallel lamination {c) interval of current ripple lami-
nation (d) upper interval of parallel lamination (e) pelitic 
interval. The term interval was renamed by Walker (1965,p.^ ') 
as 'division' in order to avoid confusion with the concept 
of time intervals. 
However, the idealised sequence of Bouma containing 
a-e divisions, is not observed in the present area . The 
sequence of divisions is normally broken and some divisions 
either at the base or at the top or both at the top and base, 
are generally missing. Such sequences are called base cut-out 
(Plate VII,Fig.? & Plate VI Fig.l), truncated, and base cut-out 
and truncated sequences (Bouma, 196?!, p.50; Hubert, 1966,p.687). 
The following sequences a - b, c, b-£, and b-d, occur 
I 
predominantly in the area. These structures are well recognized 
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from many localities, such as Chanchalia, Kaspani, Paprakund 
and Karamsar etc. particularly all along the Bijul stream 
bed. Weathering brings out these stmctures in relief 
and they form excellent exposures on vertical sections. 
Graded Bedding 
Although thick bedded quartz wacke sandstones generally 
show ungraded nature, indistinct graded bedding is frequently 
found in the southern part of the investigated area. In 
almost all the cases graded bedding in these sandstones can 
only be recognized either with the help of hand lens or in 
the thin sections. The latter is more prominent than the 
former. In such cases, the range of grading is very narrow 
and can be recognized by comparatively coarser grains at the 
lower part of the graded layer, along with the small sized 
grains, which grade upwards into finer grains. There is 
progressive vertical increase in the fine-grained micaceous 
minerals along with the particle size.grading (Plate XVII, 
F±g»P.), This tjrpe of graded bedding bears a closer similarity 
with the 'content graded bedding' of McBride (I960, p.60). 
For which McBride described "This type of 'grading' is due 
to the relative amounts (contents) of different grains rather 
than size". In a few cases it is observed that in the lower 
part of the bed, the graded laminae are thick and higher up 
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they are finely laminated. The thickness of the individual 
graded lamina ranges from 1 inch to a fraction of cm. 
'Continuous graded bedding' of Ksiazkiewicz (1954) 
03?'Ideal type* of Kuenen (1953) in which coarse sandstone 
in the lower part of the bed gradually changes into shale 
on the top is rather rare in this area. But an abrupt 
change in the grain size, from comparatively coarse to 
fine, occurs in the quartz wacke sandstone (Plate Till,Fig.1), 
In places, although sandstones essentially consist of one 
grain size, grading can be recognized by relatively thick 
lamination which passes upwards into fine horizontal lami-
nations. This appears, on the whole due to grading. 
All the tjrpes of graded bedding described above are 
highly imperfect. Several possible explanations have been 
given for such an imperfect graded bedding. Murphy and 
Schlanger (1962, p.473-474) concluded that this type of 
imperfect graded bedding is not a valid criterion for turbidity 
currents and suggested that bottom currents were responsible 
for them. On the other hand, Kuenen and Menard (195?) 
Ksiazkiewicz (1954), and Dzulynski and Radomski (1955) 
postulated that indistinct and homogeneous bedding can be 
formed by turbidity currents. 
Parallel Lamination 
Parallel laminations are the most characteristic feature 
of Banded argillite rocks and commonly associated with other 
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internal sedimentary structures within the singl-e sedimentation 
unit. In places banded argillite rocks have parallel lami-
nations throughout without any association of other internal 
structures (Plate II, Fig. 1 & Plate V , Fig.3) . It is 
produced by changes in grain-size and composition, such as 
darker clayey silt and lighter fine-grained sand. Laminae 
range in thickness from a few millimeters to less than 1 em 
in banded argillite and more than 1 cm in thick quartz wacke 
sandstones. Sometimes lateral variation in thickness of the 
individual'laminae is observed and in places laminae swell 
into cross-laminated lentides. 
Parallel laminations were formed in all the enviroiaments 
and have different modes of origin. The laminations in the 
Parsoi metasediments obviously are due to turbidity currents 
(Kuenen, 1953; Kopstein, 1954; Ksiazklwics, 1954) and indicate 
transitory "phases" or minor chance fluctuations in the velocity 
of depositing current (Pettijohn, 1957, p.163); as they are 
generally only a part of the larger sequence of internal 
structures. 
Ripple-Drift Cross-Laminations 
Ripple-drift cross-laminae (Sorby, 1908; Walker, 1963) 
have many synonymous terms such as "climbing ripples" (Coleman, 
et al 1964) or "ripple cross-lamination" (Mckee, 1939) or 
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"mlero-cross-laminatlon" (Hamblin, 1961), smaii-scale 
cross-stratification (Alien, 1963a) etc. Although it 
has many synonymous terms, the term 'ripple-drift cross-
lamination' is used throughout the course of the present 
study. It can be easily distinguished in the field by 
its sharp colour changes due to selective distribution 
of fine sand size grains into distinct laminae. Even in 
the sandstones which are homogeneous, the details of the 
structure are revealed by faint inclined laminae by etching 
with alazarine red. It is the most prominent sedimentary 
structure in banded argillite rocks and is ubiquitousJiy 
formed through most of the vertical and lateral extent of 
this unit. Whereas in thick bedded sandstones, ripple-drift 
cross-laminae are only observed in the fine-grained homogeneous 
sandstones but they are virtually absent in the poorly sorted 
massive sandstones. There appears a little variation in grain 
size of the rock in which they occur (Hamblin, 1961, p.391). 
There is a wide variation in the thickness of ripple cross-
laminated units ranging from a microscopic size (Plate Z7II, 
Fig.3) to 6 cm. Based on the morphological classifications 
of ripple-drift cross-laminations of Walker (1963, p.178 Table I) 
and Joplingand Walker, (1968, p.977 Table I), the following 
types are distinguished. 
Type 1 or Tirpe *A'; 
Some of the ripple-drift cross-laminae in Parsoi sand-
stones are of 'Tjrpe 1' of Walker (1963) or 'Type A' of Jppling 
and Walker (1968). This type (Plate YIII, Fig.3) is 
characterised by migratirig current ripples with erosion 
on toss side laminae (McKee, 1939, PI.ID; Walker,1963). 
It is seen that the bounding planes separating the ripple 
sets dip in the upcurrent direction, whereas internal 
laminae in them indicate down current direction(Plate VIII, 
Fig.S). Ripple laminae generally occur in multiple sets, 
with more or less uniform thickness of the each set (Plate IX, 
Figs. 2&3). Solitary sets seldom occur in these sandstones, 
Sets of varying thicknesses within the coset are also not 
uncommon. The internal ripple laminae in all the beds 
observed always show unidirectional dips, and only occasionally 
does the amount of dip vary. 
Type 1 ripple-drift cross-laminations described here 
are similar to the 'laminae superimposed out of rhythm' 
(Mckee, 1939, Fig.Se). 
Type 3 or Type C; 
This variety is almost uniquitous in vertical sequences 
of internal structures called 'turbidite facies model' of 
Bouma. It is characterised by sets of climbing ripples 
essentially with the preservation of toss siae laminae 
(Plate IX, Figs.3) with the selective deposition on the 
lee side. Thereby a change in the thickness of the lee side 
laminae when compared to toss side laminae occurs. Some-
times internal laminae are found only on the trough side. 
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Generally speaking, tnere is a change in tiie tJiickness of 
ripple cross-laminated divisions in the fades models and. 
these generally range upto 9 cm. in thickness in the measured 
sections. In places, ripple-drift cross^lamlnae gradually 
pass laterally as well as vertically into parallel laminations 
or convolute laminations (Plate VIII, Fig.2). Compasitionally 
the current ripple laminated division is of very fine sand 
intercalated with silt and clay. Some of the ripple cross-
laminated divisions contain symmetrical isolated silty ripples 
with continuous laminations across the crests (Plate ¥, Fig.?). 
The development of small-scale cross-laminations from 
the small current ripple in the Parsoi sandstones is distinct 
by its manner of occurrence (Walker, ly63; McKee, iy65), 
small-scale size measurable upto 2.5 inches (Simons et al, 
1966, p.38), and by its geometry. In the first phase of 
development or ripple laminae, deposition takes place in the 
course of successive movements resulting in increasing thick-
ness and width of the ripple. In the second phase, ripple 
laminae tend to migrate laterally due to lee side deposition 
and erosion on the ,:toss side laminae. Both deposition and 
erosion occur simultaneously. Minor changes in the hydro-
dynamic factors such as tne rate of supply of material from 
suspension, minor changes in velocity, depth of flow etc. 
(Jopling, ¥alicer, 1968, p.982), were considered to be responsible 
for the formation of various types of ripple-drift cross-
laminations, similar to those observed in the Parsoi sandstones. 
-147-. 
Thus, tne erosion on tne 'toss side laminae as in tne case 
of Type 1' implies that tJie addition of sand from suspension 
was not so quick as to cause rapid burial of tlie grains. 
The existing conditions, therefore, were not favourable for 
the preservation of the toss side laminae. On the other hand, 
the reverse conditions apparently existed in the case of Type 3 
so that toss side laminae are well preserved. In this case 
an addition of sand from suspension (Sorby, 1908, p.180; 
Bucher 1919, p.155; Alhen, 1963& p.106; Walker, 1963, p.181), 
has been introduced so rapidly that there was no time for 
reworking on the stoss side. 
Ripple-drift corss-laminae in Parsoi sandstones (Plate lA, 
Fig. P) is similar to Allen's (1963^i,p.l06) 'kappa-cross-
stratification'. By the geometrical analysis of three dimen-
sional model of ripples, Allen (1963;b) believed that this 
tjrpe of cross-stratification arose during the migration of 
linguoid small-scale ripple marks. 
In hydrodynamic terms small scale ripples represent 
"bed roughness" forms (Simons and Richardson, 1961, p.91). 
And they are said to be formed under the conditions of 
tranquil turbulent flow of low intensity, roughly at the 
velocity of 15 cm per second (Sundborg, 1956; Sorby, 1908) 
below 0.6 mm median fall diameter (Simons et. aJ., 1965,p.52), 
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Convolute Lamination 
Banded argillites exhibit internal contortions and criomplings 
of the laminae within the bed, independent of the tectoiiic 
deformation of the region. This structure is, therefore, 
referred to as convolute lamination. The main reasons for 
considering this structure as syndepositional deformation 
structures rather than tectonic folds are: 
(a) Convolute laminae are apparently bounded by 
parallel laminations of undeformed nature. 
(b) Their common association with the ripple-drift 
cross-laminations in vertical sequence of internal sedimentary 
structures (Plate V, Fig. 2. & Plate YIII, Pig.2) 
The term convolute lamination was originally used by 
Senders (1956) and Ten Haaf (1956) for the syndepositional 
deformational structures in which different laminae show 
different intensity of deformation within the same sedimentation 
unit. Prior to this Kuenen (1953, p.1056) has proposed the 
name 'convolute bedding' for this type of structure. It is 
virtually restricted to argillites and fine sandstones and is 
completely absent from medium-grained poorly sorted sandstones. 
Tne maximum grain size in which these convolute laminae occur 
is0i.05 mm. This grain size is well within the range of Ten 
Haaf's measurements; according to him the maximum grain size 
in majority of the convoluted beds i^ ange from 0.05-0.1mm 
(Dzulynski and Walton, 1965, p.179). The colour and compositional 
variation due to alternating sandy ana clay laminae within 
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these beds, in which convolute laminae occur, make them, 
often spectacular in the field. 
Convolute laminae :^ ange from slight ruffling through 
midly folded with narrow and sharp anticlines and broad 
and rotinded synclines to extremely complex, irregular ana 
overturned folds (Plate VIII, Fig.2). They vary in amplitude 
and in the wave lengths. In open folds the wave lengths vary 
from 1 - 3 cms. The size of the convolute laminations is 
directly proportional to tne thickness of the beds in which 
they occur. 
In a specimen cut perpendicular to bedding and parallel 
to the current direction, convolute laminae sometimes occur 
as recumbent folds (Plate.VIII, & Plate. V,Fig.2) with 
an elliptical pattern "like an onion with slice cut off the side" 
(Kuenen, 1968). These convolute laminae are seen to be developed 
from the oversteepened ripple -drift cross-laminations and pass 
upwards into simpler, open folds (Plate. VIII, Fig.2). The 
directions of the overturning of these folds are alvrays pointed 
in the down current direction, whereas in the open folds, the 
sharp crests of the anticlines point perpendicular to the 
current direction. These disturbances in laminae are restricted 
to narrow (upto 5 cm) bands of the fine sandy material in 
banded argillites. In which the laminae are highly contorted 
but their continuity is not retained laterally throughout the 
observed band. Within the same specimen, ripple-drift cross-
laminations gradually pass upwards into convolute laminae 
-150-. 
(Plate VIII, F]fcg.?»), and in places, convolute laminations 
show complex structures with rolled convolute balls. 
In places convolute laminae occur repeatedly in 
association witn ripple-drift cross-laminations in successive 
cycles of internal vertical sequences, or solitarily in 
fine sandstones or siltstones. 
Convolute laminae are complex and polygenetic, and 
they are variously attributed either to sliding of the sedi-
ments (Rich, 1950), or to current drag effects upon plastic 
beds (Kuenen, 1953; Ten Haaf, 1956; Sanders, 1960; and 
Dzulynski and Smith, 1963). The following features support 
the latter mode of formation for the convolute laminae in 
the argillites and fine-grained sandstones of the present 
area. 
1. Convolute laminations occur exceptionally well in 
the siltstones and fine sandstones. 
9., The direction of overturning in a majority of 
convoluted folds coincides with the east-west current 
direction in agreement with the current direction revealed 
by the ripple cross-laminations and other primary sedimentary 
structures. 
Ripple Marks 
Ripple marks are scarcely preserved at the top of the 
fine sandstones of the 'Parsoi phyllite* . Their external 
asymmetry in ail the observed cases and correspondance with 
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other sedimentary structures indicate that these asymmetrical 
types are current ripples. No internal sedimentary structures 
have been recorded from these rippled sandstones. This fact 
together with their development on the fine sandstones rather 
than on the granular coarse sandstones suggests the possi-
bility that these ripple marks were formed on the substratum 
by turbidity currents in the manner proposed by Ballance (1964), 
The ripple marks consist of long straight parallel crests 
(Plate.X, Figs.l&?>), occasionally with insignificant curving 
of the crests. The wave lengths of the ripple marks observed 
vary from 3 cm to 8 cm and. the amplitude range from 0.6 cm to 
1.4 cm. The ripple index which is defined by the ratio of wave 
length to amplitude, noted in these rocks is 5 (the mean value). 
This value of ripple index is within the limits of aqueous current 
ripples, which ranges from 4 to 10, as suggested by Kindle 
and Bucher (see Dunbar ana Rodgers, 1967). 
Ripple marks were recorded from the outcrops occurring 
near Semarda, south of Sukra, ivaspani. Although the meta-
sediments of the 'Parsoi phyllite' contain well preserved 
ripple-drift cross-laminations, only a few ripple marks as 
stated earlier are exposed on the surface of the beds. According 
to McBride (iy6P, p.60,61), " The rarity of current ripple 
marks, or casts of them, in turbidites probably results because 
the ripples are destroyed by the rilling of ripple troughs with 
silt during the final stage of deposition by a turbidity current". 
Sole Markings 
Sole markings resembling, flute cast, and load cast 
have been found •n the uinderslde of the comparatively thick 
sandstone intercalations. But they seldom occur in the present 
area." The rarity of observed sole markings on the underside 
of the sandstone beds may be due to the result of scarcity 
of observed bottom of the beds. Further more, the interbedded 
sandstones and shales (phyllites) are tightly welded and do 
not slip along their contacts. On account of this fact these 
structures are difficult to observe. A concise, well illus-
trated, and lucid account of these sole marking structures 
has been given by Shrock (1948), while a rather concise review 
of the literature pertaining to these structures', conditions 
of formation and the agency responsible for their formation 
has been given by Kuenen and Menard, (1952) Prentice (1956), 
Dzulynski and Walton (1965) and others. 
Flute casts have been found only at Magardatia in sand-
stones outcropping in the nala. Individual flute casts are 
parallel to each other and are more or less of the same size 
and sJmpe (Blate X, Fig.3 Plate Vlil, Fig.4). One end of the 
elongated flute casts is rounded and deeper than the other end, 
which gradually merges into flat sole. This type of flute cast 
bearing a remarkable similarity to the simple conical type 
of Rucklin (see Dzulynski and Sanders, 1962, p.67). Rarely, lo&d 
casts (Kuenen, 1953, p.1048) or flow cast of Shrock (1948,p.156) 
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occur on the undersurface of the sandstones as bulbous 
protuberances. At some places 'Load casted' ripples 
occur in the ripple laminated sandy division (Plate ¥111, 
Fig.2) of fades model. 'Descriptions of 'load casted' 
ripples has been given by Dzulynski ana Kotlarczyk (1962, 
see Dzulynski and Walton, 1965, p. 146), and compare 
favourably with those in the Parsoi phyllites. 
Paleocurrents 
Introduction: 
Paleocarrent directions of the sediments can be safely 
deduced from the directional sedimentary structures like 
cross-bedding, ripple marks, sole marking structures, 
convolute bedding etc. An extensive literature on paleo-
currents and problems of locating the source areas can be 
obtained from 'Paleocurrents and Basin analysis' (Potter 
and Pettijohn, ly63). In areas wnere the rocks have not 
been effected by tectonic deformation and when the beds are 
in horizontal or nearly Horizontal position, there is 
obviously no difficulty in obtaining the original sense 
of current flow. But tne difficulty arises in obtaining 
the original direction of transport in the strata which have 
undergone a amount of considerable aeformation and beds are 
highly folded and tilted. In order to establish the original 
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position of the sedimentary structure on sucii tilted ana 
folded bed, the bedding plane must De restored to its 
original position by stereographic methods (KDpstein,1954; 
Brett, ly^Sj Crowell, 1955; Whitaker, 1955; Pettijohn, 1957a; 
and Pelletier, 1958). Further, such simple rotation is not 
satisfactory in areas of plunging folds. In such areas of 
plunging folds, the tectonic effects iaad to be removed, 
firstly by the rotation of the plunging fold axes to the 
horizontal position, secondly by tilting the beds into a 
horizontal position. Many workers have discussed the errors 
that have resulted by the ignorance of the plunge of the 
fold axes and also they have snown ine amount of error for 
various angles of plunge of the fold axes and dip of the 
bedding plane (Haaf, 1959, p. 75; TTorman, i960, p. 339; and 
Ramsay, 1961, p. 89). Further, it should be established 
before giving the plunge correction, whether the plunge is 
primary or secondary. If the plunge is primary, plunge 
correction should not be removed. Cummins (1964, p.171) has 
commented that " The error due to the plunge correction on 
the usual assumption, if this is mistaken may be just as 
great as tnat due to complete ignorance of the plunge". The 
above method, in which the tectonic effects have been removed 
by the rotation of beds into their original horizontal 
positions about their strike, was only applicable to rocks 
wnich have xmdergone simple flaxural or concentric folding. 
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Fleld Measurements and Results: 
The sedimentary structures used in the paleocurrent 
study occurred in the metasediments of the 'Parsol phylllte', 
which had suffered concentric folding as aiscussed earlier. 
Little internal deformation is seen in the rocks in which 
these sedimentary structures are preserved. Measurements 
of sedimentary structures occurring in the intensely deformed, 
rocks, however,were not made. Systematic measurements were 
not made in the study area because of the difficulty in 
obtaining accurate measurements on such small scale cross-
laminations and -Che paucity of other sedimentary scruetures. 
Hence these structures have been measured wherever possible, 
and the airEctions rotated back to horizontal around the 
strike of the bedding and the inferred plunge of that sub-area 
(Ramsay, 1961). 
The direction of transport in tnese rocks nave been 
obtained from cross-laminations, asymmetrical ripple marks, 
convolute laminations, and sole marking structures. A total 
of 66 paleocurrent directions was measured wnich includes 
36 cross-laminations, 12 ripple marks, 8 sole marking structures, 
and 10 convolute laminations. The inferred dip azimuths of 
the cross-laminations range between 75°- 110°. Similarly 
the inferred azimuths of tne axes of tne flute casts are 
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and tneir aeeper ends are situated towaras tne westward 
direction. Wnereas tJie inferred strike ol" tiie crests or 
the asjnimietncal ripple marks is 180° ana tneir lee side 
orientation (azimutn at rign-c angles to strike of crests) 
is very close to tne prevailing, roughly west to east, 
current direction obtained from cross-laminations, flute 
casts and convolute laminations. The orientation of these 
structures are summarized in Figure 84. It is evident from 
this figure that the direction of transport remained fairly 
constant during the deposition of Parsoi sediments in the 
whole of the study area. 
36 RIPPLE CROSS-LAMlNAriON 
READINGS 5 
10 AXIAL PLANES 
OF THE CONyOLVrS 
FOLD 
11. 8 FLUTE CASTS 
12 RIPPLE MARKS 
(STRIKE OF THE CRESTS 
FIG,3A.- HISTOGRAMS SHOWING DIRECTIONAL STRUCTURES 
Chapter - VII 
M7IR0HMENT OF DEPOSITION 
Parsoi Phyllite 
Any suggestion regarding the environmoat of deposition 
based upon the properties, like grain size, shape, and 
texture of the parent sediments in deformed sedimentary 
rocks such as 'Ffersoi phyllite' must necessarily be conjec-
tural. The sedimentary structures described in the previous 
chapter, together with the lithological characters of these 
m 
metasedimentary rocks, are the only available criteria for 
deciphering the environments of deposition. The primary 
sedimentary structures found in the present area are commonly 
preserved in the sediments that were formed by 'turbidity' 
currents (Kuenen and Carozzi, ISSSyji' Yet, Kuenen (1956a, p.SSO) 
has stressed that no one feature "is in itself proof of the 
action of the turbidity currents we must rely on the 
combination of the properties to establish that such currents 
operated in any given environment". Thus, many structures 
produced by turbidity currents in deep water may also be formed 
by ordinary currents in other, very different, environments. 
McKee (1957), Kuenen (1957) and Van Straaten (1959) have 
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demonstrated that different assemblages of sedimentary structures 
are produced in different environments. Beconstructions of the 
environments of deposition and tho framework of sedimentation, 
therefore, lie in the interpretation of sedimentary features 
in their totality. 
The sedimentary structures present in the sediments 
of the 'Parsoi phyllite', as well as the absence of certain 
other sedimentary structures which are extremely important 
in a particular environment, are taken into consideration 
for the evaluation of the environments of deposition. Thus, 
the most prominent features that shed light on the history 
of the deposition are: 
(a) Invariably thick quartz wacke sandstones with repeated 
intercalations of thin shaly sediments (now slightly metamorphosed 
into phyllites). 
(b) The almost ubiquitous presence of internal sedimentary 
structures (Bouma's turbidite facies model), generally with 
base cut-out and truncated sequences. 
(c) The thin quartz wacke sandstones (now metamorphosed) 
are remarkably persistent, particularly when their individual 
thicknesses are taken into consideration. 
(d) The occasional development of graded bedding. 
(e) The occurrence of occasional sole marking, the 
ubiquitous presence of sharp lower surfaces. 
(f) Complete absence of oscillation ripple marks and 
arge scale cross-bedding. 
(g) An extremely persistent direction of current flow 
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from the west, as determined from the ripple cross-laminations, 
convolute laminations, and other sedimentary structures, 
(h) The presence of fine laminations throughout: the 
banded argillite. 
As stated earlier, the banded argillite units at many 
localities show internal sedimentary structures. And these 
internal structures occur in a definite sequencej as contained 
in the facies model suggested by Bouma (1962, p.50). In recent 
years the facies model of Bouma (op.cit.) has received consider-
able support from workers in this field. It is considered 
almost as a confirmatory evidence for turbidite formation 
(Walker, 1967; Walton, 1967), "Inasmuch as a complete develop-
ment of internal structures in turbidites is considered to 
be a function of flow regime (Walker, 1967), and indicate 
a vertical decrease in flow energy and competency. Walker 
(1967, fig.l) has shown the relationship between Bouma's 
complete turbidite and its interpretation in terms of flow 
regime as shown in figure 35. This model has been applied 
in the area under study and dj'soissed in the following paragraphs. 
As described in the previous chapter, the truncated base 
cut-out sequences, consisting of b - b, b - £ - d, 
are common in the area particularly so in the northern part 
of the area mapped. According to Hubert (1966) " truncated base 
cut-out sequences such a s B - c y b i b - £ -d, may form 
THE COMPLETE TURBIDITE AFTER BOUMA 
(1362) 
INTERPRETATION INTERNS OF F 
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:ow 
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-J i 
O •J 
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(V O 
-J 
u. 
FIG. 3 5 - RELATIONSHIP BETWEEN BOUMA'S COMPLETE TURBIDITE 
AND BED CONFIGURATIONS OBSERVED IN FLUMES 
by S IMONS AND OTHERS (1965) (after Walker, 1967 ) 
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when the current slightly speeds up after originally 
waning, or by subsequent erosion of part of the sequence". 
The common presence of the lower division of parallel 
lamination•in the Parsoi 'turbidites' can, therefore, 
be ascribed to a plane bed formed with movement in the 
upper flotf regime. Wood and Smith (1969) stated that 
"the origin of the lamination appears to be a slowing 
of the tail of the current which causes a series of 
drifting clouds formed of a turbulent aggregate of finer 
fractions with interspaces containing even finer material". 
Succeeding divisions of the ripple-drift laminations can 
be attributed to the accretion of sand ripples formed in 
a part of the lower flow regime. Convolute laminations . 
sometimes form as part of a distinct vertical sequence and 
generally occupy a definite position within it. This suggests 
an increase in shear stress acting on the bottom by a sudden 
rise in turbulence (Coleman and Gangliano, 1966, p.139). 
This division is characteristic of the middle portion of 
these beds and is strikingly similar to that produced with 
turbidity currents experimentally by Kuenen, The overlying 
division of upper parallel lamination is characterised by 
silty shale. According to Walker (1965), the upper division 
of parallel laminations is formed during further continued 
waning stages of turbidity currents. Under such conditions 
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the material will fall out from the higher layers in the 
current through laminar layer which develops over the floor. 
This whole sequence of internal sedimentary structures 
described above represents deposition from single episode 
of turbidity current. 
The dominance of truncated base cut-out sequences 
and the rarity of graded bedding in the northern part of 
the area suggest that deposition has taken place by slow 
moving currents that do not reach the upper part of the 
flow regime. The controlling conditions were also evidently 
constant in this region for considerable periods of time., 
thereby permitting the formation of a series of turbidity 
current deposits with similar characteristics. Besides 
these diagnostic truncated base cut-out sequences, the fine-
grained nature of the sediments reflects the fall of veloc,ity 
and reduction in the competency of the currents. Following 
Bouma's (1962, p.98)facies model, it is clear that at the 
outset, the turbidite deposits are coarse-grained and essen-
tially sandy with a complete development of all the five 
divisions. At certain positions, the velocity of the turbi-
dity current is so slow that the laminated layer of fine 
sand is laid down at the bottom, resulting in the deposition 
of truncated base cut-out sequences consisting of, b - c,b, 
^ c - divisions etc. Two distinct types of turbidite 
deposits have been identified as proximal and distal turbidites 
(Dzulynski and Walton, 1965; Walker, 1967), and it seems 
that the features observed in the northern part of the 
investigated area, are similar to those for distal turbidites, 
given in Table 2 by Walker, (1967, p.32). 
Regularity and lateral continuity of the delicate 
laminae are the outstanding features of the banded argillites. 
The laminae of these rocks provide excellent criteria for 
the manner of deposition, suggesting the possibility of 
current action in the deposition of the light coloured fine 
sandy laminae. On the other hand, the dark grey shaly 
laminae probably formed more slowly by settlement from the 
suspension in tranquil water. The rate of sedimentation 
and the time required for the deposition of light and dark 
laminae in banded argillites, thus might have been a function 
of turbidi;^ current activity rather than cf a periodicity 
of supply of material. 
The southern part of the present area (Magardaha, 
Paprakund, Jurra, Karamsar, Kharar and other places)^ is 
characterised by a thick series of monotonous, alternating 
sand and shale beds of varied thicknesses. As stated elsewhere, 
the thick sandy beds in the southern part of the area are 
generally massive in nature. It hardly needs emphasizing 
that thick sandstones, which would otherwise have taken 
years to be deposited in laminae, could have been laid down 
-163-. 
as massive sand in a few hours, perhaps even in a few 
minutes, by turbidity currents. Successive currents 
could have brought sand and silt material to the basin 
in various proportions and this, probably vras directly 
related to their thicknesses. The basal contacts of the 
interbedded sandstones and phyllites are generally sharp. 
Such sharp contacts are believed to be the result of sadden 
influx of sandy material between shaly material settling 
slowly in tranquil waters. 
It should, thus, be noted that lateral continuity 
of the sandstones for long distances, the intimate admixture 
of pelitic and psammatic layers and the absence of conglomerate 
beds, all go to suggest that these sediments were, perhaps, 
deposited in deep water environments by strong density currents 
(Kuenen, 1951; Kuenen and Carozzi, 1953; Kopstein, 1954; 
Ten Haaf, 1959)• In some cases, nevertheless, local changes 
in lithology and changes in thicknesses in individual horizons 
are noticed on the southern region. But these are by no 
means rare or unusual for the set-up imagined here. Thus, 
similar local changes in lithology and thicknesses of beds 
have been recorded from the Aberystwyth Grits by Wood and Smith, 
(1959,fig, 8). Lateral changes in thicknesses may generally 
be attributed to erosion and scouring, although TJnrug (1959) 
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opined that these changes were due to differential deposition. 
He has suggested that the lenticular non-graded bed is the 
"deposit of a transition zone between a slump and true 
turbidity current". Some of the lenticular beds of the 
Parsoi turbidite sequence may be of this type. The dominance 
of structureless massive thick bedded sandstones with thin 
bedded phyllites, representing a, e sequences, relatively 
coarse-grained texture, poor sorting, sharp contacts between 
sandstones and shales^  high sand/shale ratio (see pageChapterU) 
in the rythmic deposits of the southern region suggest a 
proximal environment (Walicer, 1967, p.32). Yisher's (1965,Fig. 14) 
figure for the physical characteristics of bathyal-abyssal 
model also suggests proximal environments for all the features 
of the southern region (Fig.36), Further, these features 
suggest encroachment of shoreline towards the south and that 
the deeper part was to the north of the present area. Numerous 
workers have, at the same time, established a basin-wide 
variation from a high sand/shale ratio through normal to very 
low sand/shale ratio respectively away from the source area. 
A point of interest is that the palaeocurrent 
directions, as determined by the cross-laminations, ripple 
marks, convolute lamination, and flute casts etc. indicate 
that the currents which deposited the Parsoi sandstones were « 
derived from the west. This suggests that land was probably 
in that direction. The parallelism of the flow structures 
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in the quartz-wacke sandstones to the later tectonic 'b* 
direction has been frequently reported (ten Haaf, 1957). 
It is apparent that the sediments were deposited in troughs 
or basins running parallel to the inferred palaeogeographic 
coastlines. This anomalous relation between the variability 
in lithology from the south to the north and the palaeocurrent 
direction may be attributed to a "deflection of the current 
flow along the basin axis" (McBride, 1964), There insufficient 
palaeocurrent data from the Parsoi beds to extend the present 
observations beyond the mapped area. However, the continuity 
of the phyllites, interbedded with sandstones of similar 
naturefor a considerable distance outside the mapped area, 
suggests that the mechanism of deposition described above 
may indeed be applicable for considerable distances in all 
directions. 
Further, evidence of strong current action comes 
from the development of scour structures, though these 
structures are of restricted occurrencey But in a majority 
of cases the tops of the beds are generally clear, without 
scouring is obvious. However, lack of scouring is not 
anomalous, because it has been observed that a surface of fine 
particles is much more resistant torscour than the surface 
of sand (Hjulstrom, to Trask, 1939). On the other hand, 
absence of oscillation ripple marks, large scale cross-bedding, 
and large scale channel scour are lines of evidence suggesting 
of turbidity current deposits below the wave base. 
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The time represented by a single shale layer deposited 
between any two successive turbidity current sandstones is 
estimated by Sujkowski (1957, p;550), and McBride (1962) 
in the Carpathian flysch and Martinsburg Formation respectively. 
The rate of sedimentation of a 1«0 inch thickness of shale 
between two sandstone sequences of Carpathian flysch formation 
was estimated by Sujkowski (1957, p^. 550) to have been approxi-
mately a hundred years. It will be seen from the thickness 
distribution diagrams (Fig.4), that the thickness of shale 
(now phyllite ) varies from section to section and also within 
the same section areally. The average thickness of the shale 
(now phyllite) bed in the measured sections, is 4.0 inches. 
If the same rate of sedimentation applied for this Parsoi 
turbidite sequence, this deposit might have taken about 4000 
years. In most of the eases the maximtam time represented for 
such deposition is over 8000 years. 
In a nut shell, then, all the sedimentary features in the 
rocks of 'Parsoi phyllite' like the interstratification of 
shale (phyllites) with sandstones, truncated base cut-out 
sequences of internal sedimentary structures, load casts, 
regular bedding, absence of sedimentary structures indicating 
shallow water deposits, as well as the persistent character 
of one bed over its entire length, are characteristics of 
rocks formed by turbidity currents^ (Kuenen and Carozzi, 1953; 
Sutton and Watson, 1955), All the sedimentary features in the 
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northern part of the area seem to favour the distal turbidite 
evironment for their deposition and a proximal turbidite 
environment for the sediments occurring in the southern part 
of the area. This has already been indicated earlier. 
Carbonate Rocks 
In partly recrystallised carbonate rocks the relict 
fine-grained nature of calcite suggests that these sediments 
were originally of 'micritic' tjrpe. According to Folk(1959, 
p. 12), the micrites are formed by " a rapid rate of precipi-
tation of microcrystalline ooze together with lack of persistent 
strong currents". Also, Pettijohn (1957) and Folk (1959), 
suggest that micrites are formed in protected shallow lagoons, 
not more than a few feet deep, or in near-shore shallow 
lagoons in which there is a constant shifting of freshly 
precipitated calcareous mud. The water must have been warm 
(Vfeller, 1960, p, 315)', In the area under investigation, it 
seems tl^ both primary calcite and dolomite were precipitated 
in the same basin. There is, nowever, no evidence of a detrital 
origin, -.either for dolomite or for calcite. 
Banded-Heamatite-Quartzite 
Before discussing the probable environment of deposition 
of banded-haematite-quart25ite, the distinctive features of this 
formation are reviewed herein. 
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1, The banded appearance of this rock is due to 
alternating bands of fine cryptocrystalline silica (chert) 
and dark iron oxide.. No iron silicates, chalcedonic silica, 
or carbonate minerals are observed either in the light coloured 
bands or the dark coloured bands. 
2, The cherty bands, occasionally consist of disseminated 
small fragments of haematite but are otherwise pure. Magnetite 
occurs as small crystals in cubic forms; whereas doubtful 
pseudomorphs of siderite, now altered to haematite, occur 
as rhombohedral crystals, 
3, A few sections consist of granular quartz, probably 
of detrital derivation, and show granoblastic interlocking 
texture. There appears only a slight grain size variation, 
from granular to very fine cherty quartz, in any individual 
silica band, representing micro-graded bedding, 
4, Heavy detrital minerals are generally lacking. But 
wherever found, they are in very small quantities (only two 
or three grains), and are only represented by ultrastable 
resistant minerals such as zircon and tourmaline, 
5, Partial replacement of a few grains of quartz by iron-
oxide is observed. Occasionally, low grade metamorphic effects 
are seen. It is represented by slight alignment of cherty 
fragments along with a few sericite flakes, by interlocking 
texture ana undiaatory extinction of quartz. 
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6. Field evidence is convincing that there was no 
volcanic activity contemporaneons with the deposition of 
banded-haematite-quartzite ofthe 'Bijawar group'. On the 
contrary volcanic activity of much later age has been knam 
in the present area. 
7, Brecciated quartzites are seen as cappings on the 
banded-haematite-quartzites. 
The problem of -recon struct ion of the environments of 
deposition of the banded iron formation is admittedly connected 
with the study of the source materials for the formation of 
intermittent bands, the transportation of these substances, 
and the circumstances responsible for the rhythmic deposition 
of the alternating laminae of chert and haematite (Alexandrov, 
1956, p,459). The banded-haematite-quartzite rock of the 
present area has, accordingly, been studied in order to decipher 
its environment of deposition. 
A perusal of the field observations, however, reveals 
no incontrovertible evidence to suggest that there was contem-
poraneous volcanic activity during the period of deposition 
of banded-haematite-quartzite. Volcanic rocks occurring in 
the investigated area, and in its vicinity, seem to suggest 
that volcanic activity probably took place much later than 
the deposition of iron formation. It is,therefore, likely 
that adequate amounts of iron and silica were derived from 
the neighbouring land masses by weathering under congenial 
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conditions of fluctuating -warm and cold climates (Gruner, 1922 
p, 457; Alexandrov, 1955, p.467; Hough, 1958, p.414). This 
interpretation is applicable also to the source of materials 
for other Precambrian banded iron ores in the Indian sub-
continent (Krishnan, 1952). Alexandrov (1955, p.460) also 
believed that " probably volcanic processes, as favoured 
by some authors do not play an important role in the formation 
of the banded deposits (James, 1954), because the high mineral-
ized solutions of volcanic origin would become unstable and 
precipitate their mineral matter immediately upon contact 
with the water of the basin, thus forming a thick unhanded 
deposit". The paucity or complete absence of heavy detrital 
minerals in these quartzites further confirms that sedim«itation 
was chemical in character, because quartzites of detrital nature 
usually carry a measurable amount of heavy minerals (Tyler, 1948). 
Moreover, none of the primary sedimentary structures, commonly 
preserved in clastic sedimentary rocks, have been identified 
in the banded-haematite-quartzite of 'Tatapahar quartzite'. 
Again the indications are that the entire succession is of 
chemical origin. Clastic sedimentation, alteast in a part of 
the granular quartz, with occasional rudely developed micro-graded 
bedding, however, can not be ruled out, as this structure could 
not be developed by chemical sedimentation. 
This banded-haematite-quartzite formation was considered 
to be deposited under marine environments. This is confirmed 
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by the fact that the silica layers, with only a few exceptions, 
consist entirely of exceedingly fine chert, and a complete absence 
of poor sorting and coarse clastics, which so commonly occur in the 
continental deposits (James, 1954, p.243), Silica and iron are, 
presumably carried into the sea, probably in the form of colloids. 
Experimental studies by Alexander, Heston and IIer (see Hough, 1958, 
p.426) indeed, suggest that silica can also be present in water 
in true solutions, as . 1148104 (humic acid). There was, obviously, 
no organic matter at the time of the deposition of the 'Bijawar 
group' of the present areq, and it seems reasonable to suggest 
the possibility of inorganic precipitation of silica in water. 
This view is strengthened by the opinion of Siever (1957, p.838-839) 
that inorganic precipitation of silica in surface waters must have 
been common in earlier geological times. Moore and Maynard (1929) 
and Gruner (1922) have produced experimental evidence that iron 
is transported readily as ferric hydrosol and have opined that it 
often reached the sea thus. 
As stated earlier, iron oxide and silica bands are generally 
free of inclusions, and only rarely are the silica bands with 
minute fragments and small crystals of iron-oxide. The mode of 
such pure silica band can only be explained by chemical precipi-
tation of dissolved silica from sea water, and not as detrital 
quartz. The thickness of the chert and iron-oxide bands are more 
or less constant throughout the exposed sections, but it may not 
be true for the entire formation. 
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Lack of continuous exposures does not permit closer 
examination. This feature is, however, undoubtedly 
of primary origin. The thickness of the rhythmic bands 
and their frequency probably were controlled by the "the 
relative abundance and rate of supply of materials, seasonal 
variations, hydrogen ion concentration, temperature and 
such other physico-chemical factors" (Krishnan, 1955, p.99). 
The thinness of the banded-haematite-quartzite, when compared 
to the other rock typ^ es of the 'Bijawar group' of the present 
area, suggests that favourable conditions, essential for 
the formation of the rhythmic bands, did not persist over 
a long time. 
SUMMARY AFP CONCLUSIONS 
A geological study of the Parsoi area, covering nearly 
260 sq km, has been presented in the preceding pages. 
Except for a few notes published as a result of cursory 
observations, the systematic studies of the 'Bijawar' rocks 
remained practically neglected in the Indian Stratigraphy, 
In the present case the Bijawar rocks around Parsoi, the 
tjrpe area for the 'Parsoi group' of Mathur (1950), were 
studied in detail in an endeavour to understand their 
structure, petrology and sedimentation. 
The metasediments were subdivided into two formations 
as a result ot the recognition of two persistent but distinct 
lithological assemblages. T^he underlying assemblage is 
composed essentially of interbedded phyllite with meta-
sandstones. This sequence of rock units is characterised 
by a distinct lithological homogeneity and several inherited 
sedimentary structures. The overlying assemblage comprises 
carbonate rocks, band^d-haematite-quartzite and brecciated 
quartzites and is distinct from the underlying assemblage. 
In working out this order of superposition of beds, primary 
sedimentary structures such as small-scale cross-laminations, 
ripple marks, and sole marking structures, and cleavage-
bedding relationship were made use of. For the stratigraphic 
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nomenclature and classification, the code recommended by 
the American Commission on Stratlgrapnic Nomenclature (1961) 
has been Informally used as a basis for lithostratigraphic 
classification of the rocks since the standardisation of 
the Indian Strabigraphic Nomenclature is incomplete ana yet 
to be adapted. Thus, the term 'Parsoi phyllite' is proposed 
for the underlying formation, whereas the term 'Tatapahar 
quartzite' is suggested for the conformably overlying 
formation depending upon the major lithology in each formation. 
Litnologically 'Tatapahar quartzite' compares favourably 
with the'Bijawar Series' of the type area. Also the lava 
flows in both the areas have yielded ages of P.4. o.y (Crawford, 
1969) indicating more or less simultaneous eruption. It is, 
therefore, suggested that the Bijawar tjrpe area and the 
area under review represent parts of the same geosjmcline. 
This may justify their correlation, albeit with reservation 
The suggested stratigraphic sequence of the Parsoi area is 
gixzen in table 1. 
The geological structure of the *Bijawar group' is 
superficially simple. Detailed examination, hov/ever reveals 
complex structural history of the region. Thus, it was found 
that the study of secondary minor structures was extremely 
useful and significant to trace out the structural history 
of the region. The following minor structural elements were 
foimd in the area-bedding, axial plane slaty cleavage, slip 
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cleavage, lineations due to the intersection of bedding 
and cleavage, mineral lineation, minor fold axes and 
crinkles etc., while giving the specific description of 
different types of minor structures, an attempt has been 
made to discuss the genetic relation of one with other and 
of the minor with the major structural elements, and finally, 
of tnese with the main tectonic movements. It is suggested 
that the area under-v/ent two or possit^ly three phases of 
deformation. The major folds with their co-axial minor folds 
trending nearly in east-west direction are the earlier folds 
(B]_), This suggestion comes from the evidence of the distri-
bution of the rock types mapped together with the geometry 
of the minor folds. They are tightly appressed folds over-
turned towards the north and plunge towards the east with low 
angles. It is suggested that these earlier folds(Bi) are 
produced by subhorizontal compressive stress in a north-south 
direction. Subsequent changes in stress directions, nearly 
oblique to the earlier one, have produced westerly plunging 
folds (B2). During the late stage of deformation these 
earlier folds were deformed by slip cleavage which forms 
axial plane for younger generation folds (Eg). Their axial planes 
strike N-S to NVJ-SE. It is suggested that a subsidiary stress 
during the late stage which acted nearly at right angles to the 
earlier folds has resulted in N-S trending cross-folds. Thus, 
all the movements which were responsible for the present 
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structural configuration appear to indicate the different 
phases of a single orogenic cycle. 
A compositional term •quartz wacke' is suggested for 
the sandstones of the study area based on the sedimentary 
rock: classification system Williams et ^  (1954). The metamor-
phosed quartz wacke sandstones are divided into two varieties: 
1, phyllitic quartz wacke . P., schistose quartz wacke, depend-
ing upon the degree of metamorphic recrystallisation exhibited 
by argillaceous matrix and consequent development of metamor-
phic structure. Petrographically quartz wacke sandstones are 
poorly sorted sediments and texturally immature. The detrital 
grains in these rocks range from silt-aize particles to fine-
grained size. The following mineral constituents are present 
in these rockss- quartz, feldspars, quartzitie and phyllitic 
rock fragments embedded in a micaceous matrix. The matrix 
ranges mpto 40^. Tourmaline and zircon are the most abundant 
non-opaque heavy minerals. Although these rocks are composi-
tionally and texturally immature, the high ZTR index and 
fresn feldspars (though in minor quantity) indicate feature 
of nigh maturity. This constrasting feature in these rocks 
is referred to here as 'inverted maturity' (Staniey,1965). 
It is suggested that the high ZTR index in quartz wacke is due 
to a lack of diversity of heavy minerals in the source rocks 
themselves. The mineralogical composition indicates that the 
-177-. 
plutonic rocks witli a composition close to tJiat of granite 
associated with pegmatites and metamorpnic rocks of tiie 
sedimentary origin are source rocks which have contributed 
in the making of these sandstones. 
The pelitic rocks are composed of an extremely mixed 
sequence of varied phyllites, argillites, and quartz-mica 
schists. These rocks have undergone low grade metamorphism 
and belong to the greenschist facies of the muscovite-chlorite 
subfacies (Turner and Verhoogen,1951, p«469). Similarly the 
carbonate rocks have also undergone metamorphism to the 
greenschist facies. These carbonate rocks are characterised 
by recrystallised and partly recrystallised limestones and 
dolomites, and where they are in immediate contact with the 
basic lava flows, pass into coarsely crystalline marbles 
under the influence of thermal metamorphism. The partly 
recrystallised carbonate rocks indicate that they are 
chemically precipitated sediments as there was no evidence 
of detrital origin, either for dolomites • or for calcites. 
Petrographically banded-haematite-quartzite is composed 
of haematite layers alternating with cherty quartz. It is 
suggested from the petrographical characters that the banded-
haematite-quartzite is of chemical origin and is formed under 
marine environment. 
An array of sedimentary structures observed in the 
metasediments of the 'Parsoi phyllite' contributes to the 
understanding of the conditions of deposition and the direction 
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of transport of sediments. The sedimentary structures include, 
ripple-drift cross-lamination, convolute lamination, graded 
bedding, ripple marks, flute casts, and load casts, etc. 
The assemblage of these sedimentary s-cructures can be held 
current 
to be diagnostic of turbiditj/ origin in the deeper marine 
basin. The turbidites are interbedded with pelagic shales 
(now phyliites). The dominace of turbidite structures that 
are formed in the lower flovr regime, a pelitic nature of 
sediments, and relatively thin Interbedded fine sandstones 
in the northern part of the area indicate distal turbidite 
(Walicer, 1967). On the other nand,thick oedded sandstones 
•with relatively coarse-grained texture and poor sorting as 
well as sharp contacts betifeen sandstones and phyllites in 
tJie southern region of the study area indicate proximal 
environment for these turbidites (Walker, 1967). Paleocurrent 
studies indicate a westerly source of sediment transport. 
Basic igneous activity of post-Bijawar age in the 
area nas manifested itself as lava flows, sills and dykes. 
The intrusives came in different pnases. It was recognized 
that sub-rounded to elliptical volcanic bombs and lapilli 
are embedded in the lava flows. The detailed petrological 
account along with the chemical cnaracters of the four analysed 
basic rocks is given in chapter IV. The dykes are doleritic 
in composition, the sills are epidioritic to epidositic in 
composition, and lava flows are metabasites. The study of 
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chemica± characters reveals that the dolerltes are abnormally 
rich in potash. It is suggested on the evidence of highly 
sericitisea feldspars in the dolerites that the addition 
of potash through deuteric solutions might have brought 
about the enricnment of potash. Differentiation follows 
the alkali basalt trend in variation diagrams. But complejje 
absence of modal olivine, rather high value of normative 
hypersthene, and micDopegmatitic textures,on the other hand^ 
are suggestive of tholeiitie nature. The dual nature of 
Parsoi dolerites is problematical. It is possible that the 
composition of parent magma lies in between alkali and alkali-
calcic series of Peacock (1931), In the course of magmatic 
differentiation at depth -che mobilization of alkali content 
to the higher levels within the magma reservoir and also 
an increase in the potash' contents through aeuteric solutions, 
might have been responsible for the observed high potash 
content in the dolerites. 
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EXPLAWATION OF THE PLATES 
Plate I, Fig.l An outcrop of phyllite at Sukra. 
Fig.? Massive sandstone in 'Parsoi phyllite'. 
Locality: Railway cutting, one-half km. 
east of Magardaha. 
Fig.3 Massive sandstone. Same sandstone beds as 
in Fig.Locality: 500 feet east of the 
above locality. 
Plate II,Fig.l Banded argillite showing alternating bands 
of silt and clayey material. Note tne quartz-
veins are running parallel to the bedding 
planes. Locality: Chulia. 
Fig.? Agglomeratic trap. Locality: Kunwar. 
Fig.3 Agglomeratic trap, a close up view at the same 
locality as that of Fig.*?. 
Plate III,Fig.l Axial plane cleavage in phyllite, Nore the 
splitting of rock along cleavage planes. 
Locality: one-half km. south of Sukra. 
Fig.? Axial plane cleavage in phyllite. Note axial 
plane cleavage (parallel to the pen) cuts the 
bedding at high angles. Locality: Khairahi 
nala cutting, 1 km. north of Magardaha. 
Fig.3 Outcrop of phyllite vrith thin intercalated 
metasandstone. Bedding and cleavage planes 
are more or less parallel to each other. 
Locality: Railway cutting, one-half km. 
south of Magardaha. 
Plate IV,Fig.l Slip cleavage in Banded argillite. Affine 
deformation of bedding plane by movement on 
parallel shear plsnes. Locality: Bijul nala 
cutting at Satichura. 
Fig.? Concentric folding in interbedded sandstone 
and phyllite unit. Locality: Arangi. 
Fig.3 Folding in Banded Haematite-quartzite. Locality: 
Bijul nala cutting, west of Parsoi. 
Plate V,Fig.l Joints in Banded argillite. Locality: Bijul nala 
cutting, at Satichura. 
Fig.2 Photograph of internal sedimentary structures 
in Banded argillite (base cut-out and truncated 
sequences). Lower division of parallel lamina-
tion (b), ripple-cross-lamination with convo-
lute laminae (o), upper division of parallel 
lamination (d). Symmetrical isolated silty 
-198-. 
ripples are present in the centre or the 
photograph f, Wote that the axes or the 
convolutiorial folds point towards the 
downcurrent direction. Locality: one-half 
km. south of Karamsar in a nala cutting. 
Fig.3 Parallel lamination in Banded argillite^ Note 
distinct &even laminae. Locality: Kaspani. 
Plate VI, Fig.l Truncated turbidite sequence. Interral 
structures are massive division (a), lower 
division of parallel lamination (b), and 
ripple-cross-laminated division (jc).Locality: 
near Karamsar. 
Fig, 2 Beaded structure in argillite. Locality: 
Kunwar. 
Plate VII,Fig. 1 Hand specimen of Banded-haematite-jasper-
quartzite. ¥ote step-like faults. Locality: 
north of Pipra. 
Fig, ? Tectonic breccia from the Vindhyan-Bijawar 
contact near Kauria. 
Fig. 3 Hand specimen of brecciated quartzite. Locality: 
east or Chulia. 
Fig, 4 Hand specimen of amygdaloidal metabasalt. The 
vesicles are filled with calcitic material. 
Locality: Parsoi, 
Plate VIII,Fig.l Hand specimen of quartz wacke sandstone showing 
graded bedding. Four graded sedimentation 
units are seen in the specimen. Locality: 
1 km, south of Karamsar. 
Fig.P Hand specimen of base cut-out and truncated 
sequence. Convolute laminae are seen to be 
developed from oversteepened ripple. Locality: 
Bijul nala cutting near Chanchalia, 
Fig,3 Hand specimen of Type 1 or Type A ripple-drift 
cross-laminations. The lee-side laminae are 
comparatively thicker than the toss-side 
laminae and the bounding planes separating the 
ripple sets dipping in upcurrent direction. 
Locality: Kaspani. 
Fig.4 Underside of the quartz wacke sandstone^ showing 
flute casts. The hand specimen is. obtained 
from a railway cutting at Magardaha, 
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Plate IX, Fig. 1 Rlpple-drift Cross-laminations, The toss-
side laminae are not preserved. Note pincJn-
and-swell cross-laminae above ripple-cross-
laminations. Locality: Railway cutting, 
Adarakudar, 
Fig.P Hand specimen oi' ripple-drirt cross-lamina-
tion showing three dimensional view. It 
resembles Kappa-cross-stratification of 
Allen. Locality: Pipra. 
Fig, 3 Type 3 or Type C ripple-drlft-cross-
lamination, showing well preserved toss-
side laminae. Locality: Wala cutting Pipra. 
Plate Fig.l Asymmetrical ripple marks in fine-grained quartz wacke sandstone. Locality: Sukra. 
Fig.^ 5 Asymmetrical ripple marks in fine-grained 
quartz wacke sandstone. Locality: 1 km. 
east of Kaspani. 
Fig.3 Flute casts. Photograph of the under side 
of the quartz wacke sandstone. Locality: 
Bakia. 
Microphotographs 
Plate XJ} Fig,l Banded argillite. Bedding is defined by 
alternating laminae of siltstone and claystone 
with different grain sizes, X 100 crossed 
Ni col's, 
Fig,?> Phyllite showing S^-cleavage parallel to the 
axial plane of tne 'micro-folds on X 36 
crossed Nicols. 
Fig,3 Slip-cleavage in pnyllite. The crenulations 
of axial plane cleavage have been dragged 
along the planes of the slip-cleavage, 
X 40 Plane Polarized Light. 
Fig.4 Axial plane cleavage in phyllite. X 40 
crossed Nicols. 
Plate Xll, Fig.l Medium-grained dolerite dyke (central part) 
with part of a plagioclase crystal intensely 
sericitlzed and Kaolinized X 100 crossed 
Vvititjl^ . 
Fig.9 Medium-grained altered dolerite shox^ ing 
sub-ophitic texture X 100 Plane polarized 
Light. 
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Fig.3 Medium-grained altered doierite showing 
typical ophitic texture. A number of 
plagioclase prisms are subradially arranged 
within a pyroxene grain. X ICQ Plane Pola-
rized Light. 
Fig.4 Quartz-dolerite dyke ( from the border zone), 
showing enhedral phenocrysts of plagioclase 
and pyroxene in a very fine-grained ground-
mass. X 36 crossed Nicols. 
Plate XIII,Fig.1 Quartz-dolerite. Weedle-like crystals of 
apatite enclosed v/itnin the plagioclase 
feldspars. X 100 Plane Polarized Lignt. 
Fig.P Quartz-dolerite showing.-micrr^ negmatite 
occupying the interstitial spades X 100 
Crossed Micols. 
Fig,3 Epidiorite showing blasto-ophitxc texture. 
Chlorite (prochlorite) encloses prismatic 
crystals of epidote and some plagioclase. 
X 100 Plane Polarized Light. 
Fig.4 Epidiorite showing relict ophitic texture. 
Hornblende crystal encloses epidote and 
sphene. X 100 Plane Polarized Light. 
Plate XI7, Fig.l ' Metabasite showing schistose texture. 
X 40 crossed Nicols. 
Fig.P ' Metabasite showing nematoblastic texture. 
X 40 crossed TJicols. 
Fig.3 Metabasite showing blasto-porphyritic texture 
texture. X 40 crossed Nicols. 
Fig.4 Agglomeratic trap showing varying sizes of 
fragments with typical basaltic textures. 
X 100 Plane Polarized Light. 
Plate XV, Fig.l Poorly sorted quartz wacke ^ sandstone. 
Subrounded to subangular grains of quartz 
of widely varying sizes set in a matrix of 
mica and cryptocrystalline quartz. X 100 
crossed Mcols. 
Fig.?> Quartz wacke sandstone showing fresh plagio-
clase feldspar and film perthite. The 
boundaries of some of the quartz grains are 
corroded by micaceous matrix. X 100 crossed 
Nicols. 
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Flg,3 Poorly sorted quartz wacke sandstone 
showing quartzitic rock fragment set in 
a micaceous matrix, X 100 crossed Ficols. 
Fig.4 Quartz wacke sandstone showing quartz, 
phyllitic and quartzitic fragments in 
a micaceous matrix. The phyllitic rock 
fragment showing indistinct out-line and 
merging into micaceous matrix. Note high 
content of micaceous matrix. X 100 crossed 
Nicols. 
Plate XVI^ Fig.l Quartz wacke sandstone snowing fragments 
of chert ( angular, dotted),phyllite (dark) 
and angular to subangular quartz. X 100 
crossed Ficols. 
Fig.*^  Schistose quartz wacke. Quartz and mica 
showing preferred orientation. Porphyroblast 
of biotite is oriented at right angles to 
the plane of schistosity. X 100 crossed 
Nicols. 
Fig.3 Argiliite, fined-grained. X 40 crossed 
Wicols. 
Fig. 4 Argillite, fine-grained. X 100 crossed 
Nicols. 
Plate XVII,Fig. 1 Calaclastic texture in phyllite. X 40 Plane 
polarized Light. 
Fig. 2 Interlaminated phyllite and metaquartz wacke. 
Quartz gr^ inl^ more elongated in phyllitic 
lamination than in metaquartz wacke. Note 
the variation in the grain size from fine 
quartz at the bottom to cryptocrystalline 
quartz-higher upi There is also an increase 
in amoimu ox argillaceous matrix in the 
upper portion. This feature is referred 
here as * content graded bedding'- X 40 
crossed Nicols. 
Fig.3 Micro-cross-laminations in interlaminated 
metaquartz wacke X 40 Plane Polarized 
Light. 
Fig.4 Phyllite snowing porphyroblastjs of biotite 
wixh well-developed linea^ion. X 40 Plane 
Polarized Light. 
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Plate XVIII, Heavy minerals, .a-I-IX) "ourmaline 
b-Rutile, c Garret, d 1-6 Zircon, 
e-1-6 Opaques. X Plane Polarized Light. 
Plate XIX, Fig.l Partly recrystallised limestone. Fine 
micritic calcitic in less affected portion 
and relatively coarse-grained calcite in the 
recrystallised portion of the limestone. 
X 100 Plane Polarized Light. 
Fig.^ Brucite marble. X Plane Polarized Light. 
Fig, 3 Calcitic marble showing granoblastic texture. 
X 32 crossed Wicols. 
Fig.4- Tremolite marble X 3P, crossed Wicols. 
1 / Plate XX, Fig.l Plagioclase feldspars in calcitic^marble. 
X crossed Nicois. 
Fig.? Banded-haematite-quartzite showing banded 
structure. X 40 crossed Wicols. 
Fig.3 Micro-graded bedding in siliceous band of 
Banded-haematite-quarzite. X 40 crossed 
Ficols. 
Fig,4 Brecciated quartzite. Varying sizes--of 
angular grains of quartz and quartzite 
fragments are embedded in haematite cement* 
'X 40 Plane Polarized Light. 
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ABSTRACT 
Th« Bi^awar rocks arotind Par sol area, covering nearly 260 sq. 
kmse have been mapped and studied with an emphasis on structure, 
petrology and sedimentation. The metasediments of the area are 
divided into two distinct formations, lower and upper. Lithologi-
cally the lower formation is characterised by phyllites, quartz -
mica schist, banded argillite intercalated with metasandstones 
and thick bedded sandstones. It is conformably overlain by the 
upper formation, ccraiposed of carbonate rocks, banded-haematite-
quartzite and brecciated quartzite. New names have been informally 
suggested for these two formations namely, 'Parsoi phyllite* and 
'Tatapahar quartzite', for the lower and upper formations respectively 
replacing the term "Parsoi Group" applied earlier by S.M.Mathur 
for the entire succession. The code recommended by the American 
Commission on Stratigraphic Nomenclature (1961) has been used as 
a basis fdr lithostratigraphic classification of rocks. Litholo -
gically the 'Tatapahar quartzite* is similar to the Bijawar Series 
of the type area. Age determinations by Crawford(1969), suggest 
that there was simultaneous effusive volcanic activity in both 
these-areas. Thus, the two areas could have been parts of the 
same geosyncline. This may justify their correlation, albeit 
with reservation. ).' . 
The detailed structural analysis indicates a complex tectonic 
history. To work out the structure, minor secondary structures-
bedding (Si), axial plane cleavage (S2), Slip cleavage ( S 3 ) , linea-
tions produced by the intersection of bedding and cleavages, mineral 
lineation, and minor fold axes—were made use of. '^Si. tt S2, ft Si 
and B-diagrams have been prepared by dividing the entic e area into 
eight sub-areas. An attempt has been made to determine the move-
ments that gave rise to the observed geometry of the folds. It is 
apparent from this study that the area seems to have undergone two 
or possibly three phases of deformation. It is probable that the 
ma;3or folds with their co-axial minor folds, trending in an east-
west direction, are the earliest folds (B^ )^. These folds are 
tightly appressed, soi^etimes overturned towards the north, and are 
thought to be produced by subhorizontal compressive stress in a 
north-south direction. Westerly plunging folds (83) have been 
produced by a second compressive stress with a direction oblique 
to the N-S compressive stress. Daring the late stage of deformation 
these earlier folds were deformed by slip cleavage which forms 
axial plane for the cross folds trending N-S to NW-SE direction. 
The movements which were responsible for the present structural 
configuration appear to indicate different phases of a single oro-
genic movement which, probably, is the Satpura Orogeny (956+40 m.y.). 
Petrographlc studies have been made for all the rock types, 
Qtiartz wacke sandstones are poorly sorted, fine-grained and Is 
composed of quartz, feldspars, quartzltlc and phyllltlc rock 
fragments embedded In a micaceous matrix. The heavy mineral 
suite Is rich In tonrmaline and zircon. Matrix, volumetrically, 
range upto 40^. Considering the light mineral composition and 
textural characters, the quartz-wacke sandstones appear to be 
Immature. Bat high content of resistant heavy Minerals like 
tourmaline and zircon and fresh feldspars reflect high maturity. 
This constrastlng feature is referred to as 'Inverted maturity' 
(Stanley, 1966). It is suggested that the high amount of tourmaline 
and zircon in quart-wacke sandstones is probably due to lack of 
diversity of heavy minerals in source rocks themselves. Light and 
heavy mineral compositions in quartz wacke sandstones reveal that 
they were probably derived from granite, pegmatite and metamorphic 
rocks of sedimentary parentage. Metamorphosed quarta wacke sand-
stones are classified into phyllltlc and schistose quartz wacke^ 
depending upon tlie degrees of metamorphic recrystallizatlon and 
metamorphic structures. 
Phylllte, argllllte and qtiartz-mica schist have undergone 
low-grade metamorphism under the conditions of muscovite-chlorite 
subfacies of the greenschlst fades. Petrographically carbonate 
rocks are represented by recystallised and partly recrystallised 
limeSstones and dolomites, tremolite marble and calcitic marble. 
The limestones and dolomites have been c^verted into marble where 
they are In immediate contact with the lava flows. The micritic 
character of calcite in partly recrystallised limestones and 
dolomites suggest chemical origin. P^jrther, there was no evidence 
of detrital origin either far calcite or- f'or ^dolomi-te mineral/ 
The banded-haematlte-quartzite Is composed of alternating bands 
of haematite and cherty quartz and is considered to be chemically 
precipitated sediment, under marine enyironments. 
The metasediments of the 'Parsoi phylllte* exhibit several 
varieties of sedimentary structures such as ripple-drift cross-
laminations, graded bedding, laminations, convolute laminations, 
ripple marks, flute casts and load casts etc. These sedimentary 
structures are characteristic of turbidity current origin. The 
turbldites are Interbedded with pelagic shales (now phyllltes). 
Distal turbldite environments (Walker. 1967), suggested by the 
dominance of turbldite structures typical of the lower flow regime 
as also by their pelltic nature have been Interpreted for the 
metasediments of the northern part of the area. Proximal turbldite 
environments are on the okiier hand. Indicated by the thick-bedded 
sandstones, relatively coarse-grained texture, poor sorting and 
sharp contacts between sandstones and phyllltes for the metasediments 
occurring in the southern part of the area. Paleocurrent studies 
Indicate westerly source of sediment transport. 
Basic igneous activity of post-Bljawar age in the area is 
manifested as lava flows, sills, and dykes. The Intrusives came 
